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Executive functioning (EF) abilities are compromised subsequent to right hemisphere brain 
damage (RHD). EF supports communication including understanding and using pragmatics 
and discourse. Consequently, if EF abilities are impaired, communication challenges may 
occur. Accordingly, the objectives of the current study were to examine the RHD literature to 
identify: (a) EF deficits reported; (b) standardized EF assessments; (c) type of participant 
data reported, and (c) quality of the prior studies. Several electronic databases were searched 
between 1980 and November 2018. Results (71 articles) indicated that the most commonly 
assessed EF abilities were: (a) working memory, (b) verbal fluency, and (c) awareness of 
hemiplegia. The Bisiack Interview was the most commonly used standardized assessment, 
and most articles were rated low on the quality rating tool. These findings indicate that 
whereas EF deficits are common following RHD, recommendations for selecting measures to 
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Summary for Lay Audience 
A growing body of literature has indicated that various executive functioning (EF) abilities 
are compromised subsequent to brain damage. Individuals with intact EF abilities can 
achieve desirable tasks through such fine cognitive control. EF supports communication and 
other complex daily activities via planning, monitoring, and controlling other cognitive 
processes to accomplish goal-oriented behaviors. However, because EF includes a wide array 
of cognitive processes, theoretical models and research have not yet specified which or how 
many of these cognitive processes should be included as EF abilities. This can be 
problematic when researchers or clinicians wish to choose the most valid and reliable 
measures to assess EF abilities. For these reasons, this systematic review examined the types 
of EF problems and assessments that are commonly looked at after acquired brain damage, 
focusing on right hemisphere brain damage. 
 
CINAHL, Scopus, PsychInfo, and PubMed electronic databases were searched between 1980 
and November 2018. For the articles that met the eligibility criteria, various data regarding 
EF abilities (e.g., number of tests and EF domains) and a range of participant variables (e.g., 
sample size, type of acquired brain damage) were extracted. An evidence appraisal tool from 
Murray and colleagues (2018) was adapted to rate the quality of the included articles. A total 
of 71 articles met the eligibility criteria. The most commonly used EF assessments evaluated: 
(a) working memory, (b) verbal fluency or (c) anosognosia of hemiplegia. The majority of 
the studies were rated as low on the quality rating tool. Methodological concerns within the 
eligible studies included: (a) incomplete description of the assessor(s) and testing 
environment, (b) inconsistent documentation of or failure to equate RHD and control groups 
on variables (e.g., age; education) known to influence EF performance, (c) inadequate 
description of RHD participants’ profiles (e.g., number and location of brain lesions), and (d) 
failure to report or experimentally control the presence/absence of variables that could 
impede performance on EF measures (e.g., hearing and/or visual issues, neglect, handedness, 
depression). Collectively, the findings from this systematic review indicate that confidence in 
selecting reliable and valid EF measures to diagnose EF impairments in RHD individuals 
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Chapter 1  
1 Introduction  
The human body is highly dependent on the brain and without the brain functioning 
effectively, humans are limited in their ability to achieve tasks, plan activities and 
communicate properly, among other functions (Vuilleumier, 2005). The brain is divided 
into two cerebral hemispheres, each responsible for a variety of similar and different 
functions through overlapping networks of neurons. Research suggests that impairments 
in executive functioning (EF) abilities underlie the ability to use and understand 
pragmatics and discourse subsequent to right hemisphere brain damage (RHD; Hamilton 
et al., 2017; McDonald & Flanagan, 2004), and can negatively affect rehabilitation 
outcomes (Skidmore et al., 2010). Indeed, in the broad population, EF abilities support 
communication and other complex daily activities via planning, monitoring, and 
controlling other cognitive processes to accomplish goal-oriented behaviors (Murray & 
Clark, 2015). Individuals with intact EF abilities can achieve desirable tasks through such 
fine cognitive control. However, because EF abilities encompass a wide array of 
cognitive processes, theoretical models and research have not yet specified which or how 
many of these cognitive processes should be included as EF abilities (Chan et al., 2008). 
This can be problematic when researchers or clinicians wish to choose the most valid and 
reliable measures to assess EF abilities. Furthermore, although EF deficits are known to 
occur following RHD and are considered a negative prognostic indicator (Murray & 
Clark, 2015), no previous systematic review to date has focused on EF abilities pertaining 
to RHD. Accordingly, the purpose of this study was to investigate the assessment of EF 
abilities in the RHD literature and inform our understanding of EF deficits in individuals 
with RHD. More specifically, the current systematic review identified the EF abilities 
examined and the standardized EF assessments used across the included studies, gathered 
clinical and demographic data being reported on participants with RHD, and administered 
a quality assessment for each included study. Overall, this review will help better 
understand the consequences of RHD on EF abilities, the breadth and depth of EF 




assessments are being utilized and administered across the RHD literature. The following 
literature review will cover an overview of the types of brain damage that can commonly 
occur, descriptions of common RHD communication and cognitive problems, EF abilities 
using Diamond’s (2013) model, and how EF abilities may be compromised subsequent to 
RHD. 
1.1 Brain Damage  
The brain is one of the most central, complex, and highly important organs in the body. It 
is made of thousands of neurons which are responsible for controlling various structures, 
behaviours, and thought processes (Vuilleumier, 2005). The neurons send out messages 
from the brain throughout the body, which are then translated into a behaviour, a body 
movement, or a thought process (Tortora & Neilson, 2017). The brain is organized into 
four lobes: (a) the frontal cortex, responsible for cognition and higher EF processes 
including emotional regulation, planning and problem solving; (b) the temporal lobe, 
responsible for hearing, memory and language; (c) the occipital lobe, responsible for 
vision; and (d) the parietal lobe, responsible for integrating sensory information such as 
touch, temperature, pain and pressure. Likewise, the brain is also divided into two 
hemispheres, the right hemisphere of the brain and the left hemisphere of the brain. The 
left hemisphere is known to be predominantly responsible for language processes, while 
the right hemisphere contributes to cognitive domains that support language processes 
and communication (e.g., attention). Both the left and right cerebral hemispheres of the 
brain are essential for daily functions and contribute to rich and effective communication 
(Murray & Clark, 2015). Both cerebral hemispheres also contribute to various EF 
abilities (Murray & Clark, 2015). However, there is a lack of research with respect to 
RHD, and in particular, how EF abilities are affected by such damage. 
1.1.1 Types of Brain Damage  
Brain damage is defined as an insult to the head, causing impairment and damage to the 
cells of the brain (Murray & Clark, 2015). Left hemisphere brain damage is usually 




language modality such as speaking, listening, writing and reading (Darley, 1982; Murray 
& Clark, 2015). Consequences of damage specific to the right hemisphere of the brain are 
communication difficulties that are a product of concomitant cognitive deficits, referred 
to as cognitive-communication disorders (CCD; Lehman-Blake, 2007; Lindell, 2006).   
Acquired brain damage (ABI) is a type of brain injury that results from a trauma to the 
head after birth, and is not associated with a congenital or a degenerative disease (Zasler, 
Katz, & Zafonte, 2012). It is estimated that almost 1.5 million people are living with an 
ABI in Canada (Brain Injury Canada, 2021). The two main forms of ABI are traumatic 
brain injury (TBI) and non-TBI.  A TBI is caused by an external force outside of the body 
such as a blow or jolt to the head (Murray & Clark, 2015). A TBI can occur from a sports 
injury, a fall, or a motor vehicle crash, among other examples.  It can lead to temporary 
or long-term deficits in physical, cognitive, emotional and behavioural impairments, as 
well as a loss or change of consciousness (Cornis-Pop et al., 2012). Communication 
problems subsequent to TBI are common and referred to as CCD. Following a TBI, 
impairments in cognitive domains such as attention, EF abilities, and perception are also 
likely to occur, which are high predictors of functional outcomes, leading to challenges in 
completing daily activities, poor vocational and educational outcomes, and a high level of 
caregiver burden (Azuvi et al., 2009; King & Kirwilliam, 2011). With a high incidence 
rate of 10 million people being affected annually worldwide, TBIs pose a great concern 
to society and the public health system (Hyder et al., 2007). A non-TBI ABI is caused by 
problems occurring within the brain such as stroke or other types of complications such 
as tumours, anoxia, and infections such as encephalitis (Boake et al., 2000). Tumours 
within the brain are defined as a growth of abnormal cells that are within or around the 
structures of the brain (Murray & Clark 2015). In Canada, brain tumours affect around 
50,000 people annually (Brain Tumour Registry, 2019).  
Stroke is more prevalent than brain tumours and includes an interruption to blood flow to 
and within the brain, a loss of oxygen to the brain cells, or a ruptured artery (Musuka et 
al., 2015). In 2013, it was estimated that 405,000 Canadians were living with the effects 
of stroke, including acquired cognitive impairments (Krueger et al., 2015). This number 




Canadians will be living with the effects of stroke. Individuals who suffer from a stroke 
are predisposed to a life of disability and might encounter communication struggles that 
negatively affect the individual’s overall quality of life. Additionally, with an increasing 
segment of the population reaching an old age (Statistics Canada, 2017), it is important to 
note that according to the Government of Canada (2017), stroke predominantly affects 
older adults, with 10% of those aged 65 years or older having experienced a stroke. 
Furthermore, older adults are seen to be living with more cognitive and communication 
impairments after encountering a stroke compared to healthy older adults with no brain 
damage (Ankolekar et al., 2014).  
Moreover, when a viral infection or bacteria invades the central nervous system, it begins 
to destroy brain tissue and blood vessels (Parpia et al., 2016). Encephalitis, a brain 
inflammation, is seen to occur more commonly in older adults above the age of 65 years 
and can lead to neurogenic health disability and death. In Ontario, Canada, the crude 
incidence of encephalitis is approximately 4.3 cases per 100 000 persons per year (Parpia 
et al., 2016). Depending on where the damage from the infection occurs in the brain, it 
can lead to various neurogenic communication and cognitive challenges (Murray & 
Clark, 2015). 
 
1.2 Common RHD Communication and Cognitive Problems 
Communication is a primary human behaviour necessary in all human interactions 
(Beukelman, & Mirenda, 2013; Murray & Clark, 2015). It is defined as the exchange of 
ideas and information from one individual, known as the sender, to another individual 
receiving the information, known as the receiver. Communication is seen across all stages 
of human life from infancy to older adults. Communicative skills are based on speech, 
language and nonverbal communication. Humans primarily depend on language as a 
form of communication, in which rules govern the use of a combination of symbols to 
elicit a code (Owens, Metz, & Haas, 2007), through spoken, written, or nonverbal 
symbols. Language is an essential part of cognition, as it relies on various cognitive 




1967). Various modalities of language exist, which include spoken, written and non-
literal forms such as gestures, all of which can convey messages from one source to the 
other (Murray & Clark, 2015). Cognition allows the individual to carry out mental 
processes and activities that store and retrieve sensory information to be able to use and 
interact with the environment (Murray & Clark, 2015). These cognitive processes are 
multidimensional and overlap with one another through neural structures. When one of 
those domains encounters trauma, because of overlapping structures and pathways, a 
neurogenic disorder of cognition, communication, or both may result.  
 
Communication deficits may occur following RHD as a result of concomitant cognitive 
deficits, and so are often referred to as cognitive-communication disorders (CCD) 
(ASHA, 2005; Kennedy et al., 2008; Turkstra et al., 2002). Communication deficits can 
include difficulties in listening, speaking, reading, writing, social communication and 
interactions. Various CCD arise in individuals with RHD due to problems with attention, 
visual and spatial perception, memory, communication, and EF.  
 
Aspects of attention such as sustained attention, task switching, focused attention and 
divided attention are common cognitive areas impaired following RHD (Barker-Collo et 
al., 2010; Lehman Blake et al., 2002). Attention impairments can lead to various 
communication problems. For example, difficulties in attention can create problems with 
eye contact, and with maintaining and understanding long conversations (Sherratt & 
Bryan, 2012). Neglect is a common attention deficit following RHD that is researched 
frequently (Murray & Clark, 2015). Neglect is an impairment in which individuals with 
RHD have difficulties in paying attention, responding, and obtaining stimuli on the side 
contralateral to their brain damage (Cherney, 2002). Hemi-inattention, hemiakinesia, and 
neglect dyslexia are all various examples of neglect impairments. Perceptual problems 
subsequent to RHD include visual or auditory stimuli being perceived incorrectly such as 
prosopagnosia, which is difficulty in recognizing another person’s familiar face (Rosen & 
Viskontas, 2008). Other examples are sound localization deficits (not being able to 
identify from where the sound is coming) and geographic disorientation (not being able 




with RHD can suffer from a wide range of memory impairments, such as working, long-
term and nonverbal memory difficulties (Rosen & Viskontas, 2008). These symptoms 
can appear in the forms of difficulty in encoding and retrieving visual information, 
auditory information and other forms of sensory information.  
 
Cognitive deficits, such as working memory and attention impairments, have been linked 
to pragmatic and discourse comprehension deficits in individuals with RHD (Tompkins, 
2012). For example, problems with focused and sustained attention in RHD individuals 
can affect their ability to process and select relevant contextual cues; this can lead to 
difficulties in selecting appropriate conversational content, style or both, and 
misinterpreting the conversation output of others (Griffin et al., 2006; Lehman Blake, 
2003; Martin & McDonald, 2003).  Communicative problems are seen differently in 
individuals with RHD compared to those with left hemisphere brain damage. Following 
left hemisphere brain damage, aphasia commonly occurs in which the individual has 
problems with phonological, lexical-semantic, and/or morphosyntactic processing 
(Murray & Clark, 2015). However, RHD communicative problems are associated with 
pragmatic, lengthy and more demanding communication situations, where the individual 
needs to rely on complex and abstract thoughts (Lehman Blake et al., 2013; Champagne 
et al., 2005). Pragmatic and discourse symptoms following RHD include difficulties 
appreciating humour, comprehending non-literal or figurative language (e.g., irony, 
metaphors and sarcasm) (Winner & Gardner, 1977), and being able to interpret 
communicative contextual cues. Other pragmatic and discourse deficits may include the 
inability to initiate or maintain a conversation, inability to effectively take turns in a 
conversation, impaired discourse structure, and difficulties processing implied 
information (Tompkins, 2012).  
 
According to The American Speech- Language- Hearing Association’s National 
Outcomes Measurement System (ASHA NOMS) (ASHA, 2011), 5% of individuals with 
RHD receive speech-language pathology services for pragmatic deficits. That is, 
pragmatic problems are addressed far less frequently compared to the other RHD deficits, 




This lack of services for pragmatic problems may be the result of the complexities 
associated with identifying right hemisphere communication deficits, few appropriate 
assessment tools, or challenges accurately identifying communication impairments that 
can be caused by EF deficits (Tompkins et al., 2013). Patients with RHD can 
communicate on a superficial level when there is little need for complex language 
(Murray & Clark 2015). However, when communication becomes more demanding and 
requires more abstract and complex thinking, challenges with language begin to arise. 
These types of impairments are less likely to be identified in non-demanding 
conversational settings such as in acute hospital settings where patients are generally 
engaged in superficial conversations that do not require complex thinking. It is only when 
RHD patients are released from the hospital and return to their complex day to day 
activities that many of their language and other high level cognitive deficits may appear.  
It has been reported that 50% to 78% of individuals with RHD exhibit more than one 
communication impairment (Benton & Bryan, 1996; Blake et al., 2002; Côté et al., 
2007). However, individuals with such deficits, as noted above, often do not receive 
speech-language therapy for these deficits.  Likewise, in one study by Blake and 
colleagues (2002), only 45% of the 94% of individuals with RHD who were diagnosed 
with a cognitive or communication impairment, were referred to a speech-language 
pathologist. Because the communicative impairments commonly seen in the RHD 
population have been linked to their concomitant cognitive problems, including EF 
deficits, it is important to be able to identify such cognitive deficits.  In particular, 
understanding EF abilities subsequent to RHD is important because as described below, 
such abilities are integral to communication and other aspects of daily functioning. 
1.3 Executive Functioning (EF) Abilities and Disorders 
Communication relies on the ability to think, plan, organize thoughts, and perceive social 
cues when necessary (Aron et al., 2007; Braver, Cohen, & Barch, 2002; Eisenberg& 
Berman, 2010; Leh et al., 2010; Zanto et al., 2011). EF abilities are fundamental as they 
support accomplishing daily tasks as well as communicating with others. These critical 




emotional processes in educational, work and social settings. EF encompasses a wide 
array of multiple skills; various brain regions, specifically the frontal cortex and right 
hemisphere, play a crucial role in EF. A consistent definition of EF is not yet established 
in the literature, as it is a term coined to include a family of skills. According to 
Diamond’s (2016) EF model (Figure 1), EF includes inhibitory control, working memory, 
cognitive flexibility, and the higher level skills of reasoning, problem solving and 
planning. Working together, these various domains establish the domain of EF. 
Assessments that can measure these various skills can be seen in Table 1.  
 















1.3.1 Inhibitory Control  
According to Diamond’s (2016) model, there are three core EF abilities: inhibitory 
control, working memory, and cognitive flexibility. Inhibitory control is the ability to 
control one’s thoughts, behaviours, and emotions to override strong internal or external 
stimuli that might create an inappropriate response. Without inhibition our impulses and 
conditioned responses to environmental stimuli can create unwanted reactions, without us 
thinking about the consequences. Inhibition allows us to choose to inhibit inappropriate 
responses or impulsive reactions, and be able to behave in a way that is appropriate to 
contextual surroundings and the rules that govern society. Inhibition of motor and verbal 
responses are also controlled by this EF component. There is an array of inhibitory 
subtypes related to self control including: a) inhibiting an immediate impulse reaction, b) 
delaying gratification, c) inhibiting an inappropriate inclination and acting accordingly, d) 
withholding an initiated response, e) resisting temptations, and f) staying on task. 
Inhibitory control can be assessed through various types of standardized assessments 
(Table 1), such as the Stroop (MacLeod, 1991), Simon (Hommel, 2011), Flanker (Eriksen 
& Eriksen, 1974; Mullane et al. 2009), go/no-go (Cragg & Nation, 2008), and stop-signal 
tasks (Verbruggen & Logan, 2008). 
1.3.2 Self-Regulation  
Also referred to as self-monitoring, self-regulation is the process of controlling, 
processing and manipulating emotional, motivational and cognitive stimuli (Eisenberg et 
al. 2010; Mischel & Ayduk 2002). It also includes being aware of one’s strengths and 
weaknesses. Self-regulation is primarily focused on maintaining an optimal level of 
control of emotional behaviour. Assessments that tap into this skill includes The 
Behavioral Rating Inventory of Executive Function – Adult Version (BRIEF-A; Roth et 
al., 2005), The Self-Regulation Scale (Diehl et al., 2006), and Awareness Interview 




1.3.3 Working Memory  
Working memory (WM) is another core EF ability that involves holding information in 
the brain while simultaneously working with it (Baddeley & Hitch, 1994; Smith & 
Jonides, 1999). The two types of WM are verbal and non-verbal. WM is necessary in 
problem solving, reasoning, connecting thoughts, and mentally relating information 
through thinking. It is important in communicating with others by holding our thoughts 
while we also create a response. It is common to find WM and short-term memory used 
interchangeably and synonymously across the literature; however, there is a distinction 
between the two terms. WM involves holding information but also manipulating it, while 
short-term memory is just holding the information in the brain (Alloway et al., 2004; 
Gathercole et al., 2004). Moreover, they are both linked to separate neural networks. WM 
is associated with activation in the dorsolateral prefrontal cortex and short-term memory 
is associated with activation in the ventrolateral prefrontal cortex (D’Esposito et al., 
1999; Eldreth et al., 2006; Smith & Jonides, 1999).  
WM and inhibitory control depend on one another and can co-occur: if one is working it 
is rare for the other to not be functioning as well (Diamond, 2013). For example, to hold a 
thought and work through solving a problem, your inhibitory control needs to be 
activated to supress any other stimuli or thoughts that might interfere with the idea that is 
currently being held in WM. Inhibition of internal and external distractions is necessary 
to stay focused.  
Some tasks that are used to assess WM are the backward digit span task from the 
Wechsler Adult Intelligence Scale (Wechsler, 1998), the backward tapping span from the 
Corsi block test (Corsi, 1972; Spinnler and Tognoni, 1987), auditory-working memory 
task (Lehman & Tompkins, 1998; Tompkins et al., 1994), Elevator Counting with 
Distraction from the Test of Everyday Attention (Robertson et al., 1996), and the 
matching word order span from the FriGvi Word battery (Friedmann & Gvion, 2003). It 
is necessary to note, that while there are forward and backward digit span tasks, the 
forward digit span task is not a measure of working memory but rather a measure of 




1.3.4 Cognitive Flexibility  
Another core EF ability is cognitive flexibility. Cognitive flexibility is the ability to 
change and adapt perspectives to sudden, novice information, to be able to adjust 
demands and priorities, and overall, it is how one is able to think (Diamond, 2016). 
Cognitive flexibility depends on the two previous core EF abilities, WM and inhibitory 
control (Diamond, 2010; Morasch et al., 2013), since it emerges later in the development 
of the brain (Cepeda, et al., 2001; Davidson et al., 2006; Garon et al., 2008). This skill 
allows for individuals to be able to flexibly switch their way of thought to be able to 
solve a problem or task, and be able to rearrange thought processes. Cognitive flexibility 
overlaps with set-shifting, as both allow being able to switch back and forth between 
tasks. One of the oldest and most common cognitive flexibility tests is the Wisconsin 
Card Sorting Task (Milner 1964; Stuss et al., 2000).  
1.3.5 Higher Level EF Abilities  
Higher level EF abilities such as reasoning, problem solving and planning are all 
dependent on the three main core EF abilities (i.e., WM, inhibitory control and cognitive 
flexibility) and are also referred to as fluid intelligence (Diamond, 2016). Fluid 
intelligence includes the abilities to plan and reason through tasks and to view patterns 
and associations between items (Ferrer et al., 2009). A common measure used for fluid 
intelligence is Raven’s Matrices (Raven 2000). Problem solving is being able to identify 
an issue, as well as generating, selecting and implementing solutions. Some assessments 
that tap into problem solving are The Behavioural Assessment of Dysexecutive 








Table 1: Diamond's Model of EF and Assessments 
Executive Function Assessment  
Inhibitory Control Stroop (MacLeod, 1991), Simon (Hommel, 
2011), Flanker (Eriksen & Eriksen, 1974; 
Mullane et al. 2009), go/no-go (Cragg & 
Nation, 2008), and stop-signal tasks 
(Verbruggen & Logan, 2008) 
Self Regulation  
The Behavioral Rating Inventory of Executive 
Function – Adult Version (BRIEF-A; Roth, 
Isquith, & Gioia, 2005), The Self-Regulation 
Scale (Schwarzer, Diehl, & Schmits, 1999), 
and Awareness Interview (Anderson & Tranel, 
1989) 
Working Memory Backward digit span and letter-number 
sequencing from the Wechsler Adult 
Intelligence Scale (Wechsler, 1998), backward 
tapping span from The Corsi block test 
(Spinnler and Tognoni, 1987; Corsi, 1972) 
auditory-working memory task (Lehman & 
tompkins, 1998; Tompkins et al., 1994), 
Elevator Counting with Distraction from the 
Test of Everyday Attention (Robertson et al., 
1996), and the matching word order span from 
the FriGvi Word battery (Friedmann & Gvion, 
2003; Gvion & Friedmann, 2008, 2012). 
Cognitive Flexibility  Wisconsin Card Sorting Task (Milner 1964; 
Stuss et al., 2000) 
Fluid Intelligence  Raven’s Matrices (Raven 2000) 
Problem Solving  The Behavioural Assessment of Dysexecutive 
Syndrome (Wilson et al., 1996) and the Digit 





1.4 EF Abilities Subsequent to RHD 
A growing body of literature has indicated that various EF abilities are compromised 
subsequent to RHD, such as planning, problem solving, inhibition and cognitive 
flexibility (Stone et al., 1993). Deficits from RHD such as pragmatic and discourse 
impairments often are seen to mirror EF deficits. For instance, Tompkins and colleagues 
(2000, 2001, 2002, 2004) have discussed impaired inhibition as a primary cause of 
communication difficulties in individuals with RHD. That is, some individuals with RHD 
appear unable to supress or inhibit external or unwanted stimuli. Individuals may have 
difficulty in monitoring, sustaining and adjusting behaviour (Tompkins et al., 2001). As 
another example, the discourse of an individual with deficits in EF such as impulsivity 
and poor planning is often seen as disorganized and not appropriate for the context or 
situation in which the individual is communicating (Tompkins, 1995).  
 
1.4.1 Anosognosia  
Individuals with RHD may present with anosognosia, which is seen to affect 17%-28% of 
stroke patients (Stone et al., 1993). These individuals are unaware of their own 
impairments or lack concern for their condition (Sinalnovic, 2010). Various forms of 
anosognosia exist, such as the inability to recognize deficits in limb functions opposite to 
the brain lesion, sometimes referred to as somatognosia (Starkstein et al., 2010). 
Anosognosia is an umbrella term that covers various symptoms, and is still not explicitly 
or consistently defined in published research (Vuilleumier, 2000). The lack of definition 
consistency becomes problematic in the assessment of anosognosia and consequently, 
rehabilitation of individuals with RHD.  Studies have shown that individuals with RHD 
are affected with anosognosia more than those with left hemisphere brain damage (LHD). 
It is estimated that 28%-85% of individuals with anosognosia have RHD, compared to 
0%-17% with LHD (Vuilleumier, 2000). Identifying anosognosia in individuals with 
RHD is important because it is a significant predictor in the success of accomplishing 




1.4.2 Theory of Mind Deficits 
Following RHD, individuals present with difficulties in the capacity to understand and 
recognize the mental state of people, such as their feelings, intentions, and interests, 
which is referred to as Theory of Mind (ToM) (Astington & Baird, 2005). People with 
intact ToM are able to understand people’s behaviours, and interpret nonverbal signals, 
such as body language, facial expressions, and voice intonation (Sabbagh, 2006). They 
are also able to interpret people’s opinions, views, and objectives. ToM and the capacity 
to converse using language allow individuals to transmit knowledge and complete 
sophisticated interactions through complex conversations (Segal & Varly, 2006). ToM 
deficits in patients with RHD are a reoccurring theme in the literature, in that these 
individuals have difficulties interpreting people’s nonverbal social and emotional cues 
(Pell, 2006).  Although there is limited research on ToM following RHD, some studies 
have found problems with ToM reasoning (Brownell et al., 1997). According to 
Diamond’s (2016), cognitive flexibility supports ToM. Inferencing, integration, and 
awareness are suggested to be EF abilities that are impaired in individuals without an 
intact ToM. ToM difficulties can result in having social inferencing, pragmatic, discourse 
production and comprehension problems (Coelho, 2007; Dardier et al., 2011). 
1.4.3 Issues in Understanding EF Deficits Subsequent to RHD 
 
Across the literature that investigates EF deficits subsequent to RHD, it is not yet clear 
which EF abilities are compromised and which individuals with RHD are at a greatest 
risk for EF deficits. For example, both Marcel (2004) and Preston (2010) investigated 
anosognosia of hemiplegia among RHD participants. Both researchers failed to use more 
than one EF assessment, and to provide data regarding clinical variables for their 
participants. For instance, Marcel (2004) failed to provide demographic data such as 
handedness, employment, native language, and gender and did not report if vision and 
hearing screenings were completed. This is problematic as many of these variables can 
affect test performance, test result interpretation, or both. As an example, years of 




Similarly, many EF assessments rely on language to be completed and therefore the 
language background of the participants should be reported. Moreover, information 
regarding the brain injury was not provided by Marcel (2004; e.g., number of lesions, 
where in the right hemisphere the brain injury occurred). Providing information in 
regards to the brain damage assists researchers and clinicians in being able to determine if 
there is a relationship between the injury site and EF abilities.  
 
Researchers have raised concerns regarding limited information about brain damage as 
well as clinical variables across RHD studies examining EF deficits as well as other 
cognitive and communicative symptoms (e.g., Murray & Albakri, 2019; Stockbridge et 
al., in press). The site and number of lesions and time post-onset of the brain injury are 
important to report to better characterize EF deficits in RHD participants. For example, 
individuals with damage to the orbitofrontal region of the brain are profiled as highly 
disinhibited, whereas individuals with damage to the dorsolateral frontal cortex have 
impaired initiation, which can influence their language profile (e.g., not being able to 
initiate a response or turn take; Murray & Clark, 2015). The type of brain damage is also 
important to report. An individual with RHD who survives a hemorrhagic rather than an 
ischemic stroke is less likely to have permanent damage within cortical areas (Berthier, 
2005; Englter et al., 2006).  
 
It is important to note that individuals with RHD are not always found to have EF 
deficits. In one study (McDonald, 2000), the Controlled Oral Word Association Test 
(COWAT; Benton et al., 1994) and the similarities subtest of the WAIS-R (Lezak, 1995) 
were used to examine EF abilities; the RHD group did not display significant 
impairments in either of these executive function measures. These RHD participants 
might have had EF impairments but not in the areas assessed by just two assessments. 
That is, EF encompasses a wide array of abilities. For instance, looking at Diamond’s 
(2016) model, when measuring WM, inhibitory control as well as inferencing should also 
be looked at as they have an impact on WM. In contrast, in some prior RHD studies, only 
one test has been used to examine WM or even more broadly, EF; Tompkins et al. (2004) 




only used the matching word order span of the FriGivi Battery (Fiedmann & Gvion, 
2003). Providing limited EF assessments restricts the ability to detect the EF deficit 
profile of the RHD participant (i.e., whether all or only specific EF abilities are 
impaired).  
 
In summary, clinical variables and demographical information in regard to RHD 
participants are insufficiently provided across the literature. Similarly, information in 
regard to which standardized assessments of EF might be suitable for individuals with 
RHD is limited. There is a present need to conduct this systematic review in order to 
attain more information in regard to the type of assessments used to detect EF deficits, 
the type of data that’s being reported, and which EF abilities are being investigated. This 
will better provide an understanding of which skills of EF are compromised after RHD, 
and if are assessments are appropriately being used to encompass a comprehensive 
profile on EF deficits of the RHD patient. These types of clinical and demographic data 
are essential to fully characterize EF deficits following RHD, as they all impact brain 
function and cognitive-communication abilities (Murray & Clark, 2015).  
1.5 Conclusion 
Overall, following RHD, EF abilities may be compromised, and it is important to identify 
these problems because they can negatively affect communication and other daily 
activities (McDonald & Flanaga, 2004). The complex nature of defining EF abilities, 
however, may make it difficult for clinicians and researchers to identify and select 
assessment tools to measure EF deficits in individuals with RHD. Using Diamond’s 
(2016) model of EF may assist in identifying gaps within the RHD literature in terms of 
which EF have been investigated, as well as what assessment tools have been used to 
identify EF deficits in the RHD population. There is a concern that insufficient 
information is being reported across the RHD literature in regard to demographic and 
clinical variables that may influence EF abilities or performance of EF tests (Lehman 




1.6 Purpose of the Current Study and Research Questions 
Accordingly, the goals of the current systematic review were to examine the RHD 
literature to identify: 
Question 1: What types of EF deficits are reported within the RHD literature?  
Question 2: What standardized tests have been used to assess EF abilities in adults with 
RHD? 
a. How many EF tests are utilized per study? 
 
Question 3: What types of participant data are being collected to describe participants 
with RHD (representation and description of participant data with RHD)?  
a) Demographic variables (e.g., age, gender, education)? 
b) Clinical variables (e.g., pre-injury disability, cause of injury, hemiparesis)? 
 
Question 4: What are the quality ratings of these studies? 
This systematic review will allow researchers and clinicians alike to identify gaps within 
the RHD literature pertaining to EF abilities, the type of assessments available and 
currently used in RHD investigations, as well as the type of clinical and demographic 
data being collected to characterize individuals with RHD. This study will drive research 
forward by shedding light on whether more accurate information collected regarding 
RHD participants is needed, and the type of assessments used when diagnosing EF 





Chapter 2  
2 Methods 
A comprehensive list of established search terms was developed and divided into four 
subcategories: right hemisphere, brain injury, executive function, and assessments. With 
the assistance of a university-based research librarian, a list of databases was identified to 
be used in the systematic review. If new search terms were identified in the initial 
searches, they then were included in the search strategy. Search terms within a 
subcategory were combined with the operator “OR” and across subcategories with the 
operator “AND” to derive a final list of citations. Using the terms listed in Table 2, the 
search strategy included searching the Cumulative Index to Nursing and Allied Health 
(CINAHL), Scopus, PsychInfo, and PubMed electronic databases between 1980 and 
November 20181. These databases were selected based on recommendations from the 
university-based research librarian. The final list of citations was imported into Mendeley 
reference management software to eliminate duplicates. A hand search of the eligible 









 database article search was not updated since 2018 due to delays in data extractions and finishing writing 




Table 2: Key Search Terms 




• Right brain 
damage 
• Right brain 
injury 
• Unilateral brain 
injury/damage 











• Stroke  
• Cerebrovascular 
accident (CVA) 
• Head injury 
• Closed head injury 
• Acquired brain injury 







• Planning  
• Problem solving  
• Self monitoring 
• Self regulation  
• Working memory 











2.1 Inclusion Criteria  
2.1.1 Participants  
a. Studies had to include adults (age 18 or over) who had acquired and had 
documented focal brain damage determined by a neurological exam 
including neuroimaging data (e.g., CT, MRI scans) to the right hemisphere 
(RH), in cortical and/or subcortical parts of the brain. 
i. Acquired brain damage was required to be static as a consequence 
of stroke, open head injury, surgery or other disorders that result in 
relatively focal damage to the RH. 
b. In studies with mixed patient groups (e.g., RHD, cerebellar, LHD), data 




2.1.2 Publication Type 
a. Date of publication 1980 (executive functioning was first coined and 
defined during the 1970s; Pribram, 1973) to November 2018 (including 
articles in press).  
b. English language only. 
c. Must be a full study (no abstracts) published in a peer-reviewed journal. 
d. Must include original data.  
2.2 Exclusion Criteria: 
1. Studies that included only animal models. 
2. Studies that did not include a clearly identified participant sample with RHD. 
3. Studies about participants with progressive aetiologies. 
4. Studies examining mixed populations or mixed treatments were excluded unless 
data for the RHD participants were separated. 
5. Reviews (e.g., systematic reviews or meta-analyses) that did not provide new 
(previously unpublished) data. 
6.  Articles that were published in non-peer-reviewed publications and in languages 
other than English. 
7. Studies that did not include standardized EF tests (i.e., an empirically developed 
measure that has repeated evaluation of methods and results to establish reliability 
and validity and provides normative data; Turkstra, Coelho, & Ylvisaker, 2005). 
2.3 Screening and Eligibility  
After removing duplicates, all titles and abstracts were first screened by the investigator 
(i.e., GBA) to determine whether they met the eligibility of the inclusion and exclusion 
criteria. Next, all full text articles were screened by the same investigator. For both 
screening and data extraction processes, there was a first reviewer (i.e., investigator 
GBA) as well as a second reviewer (i.e., LM, thesis supervisor to GBA). LM title 
screened 300 articles, abstract screened 300 articles, and agreements between the 




reviewers were 80%. Any discrepancies and disagreements were addressed and discussed 
and a 100% consensus between the two reviewers was achieved.  
2.4 Data Extraction  
For the studies that met the inclusion criteria, the following data were extracted: (1) study 
aims/objectives; (2) participant sample information including sample size, presence and 
type of comorbid conditions (e.g., hearing/vision screening; hemiparesis), native 
language, RHD aetiology; (5) demographic information (e.g., age, education, gender); (3) 
data regarding EF deficits; (4) EF test(s) information, including the test name, which 
aspects of EF were assessed, type of test scores recorded (e.g., raw, scaled); and (5) 
assessment setting (e.g., location at which testing took place, qualifications of 
assessor[s]).  
2.5 Quality Appraisal 
Each study that underwent data extraction was evaluated using a quality rating tool 
established by Murray and colleagues (2018). This qualitative assessment was used 
because the vast majority of other qualitative assessments are for examining intervention 
research, while this assessment is designed to examine the quality of articles using 
standardized assessments. The quality appraisal of the articles considered the following 
categories (see Appendix 1): study design, control for confounding factors, specification 
of EF and assessment variables, and EF test score(s) interpretation. Ratings of high, 
moderate, or low were assigned for each quality category as well as the study as a whole. 
For a given study to receive an overall high quality rating, four of the five categories 
needed to achieve a high rating with no category receiving a low rating; a study with an 
overall moderate rating could also not have any category receiving a low rating. 
 
Two reviewers (i.e., investigator GAB and LM) completed the quality ratings of the 
studies and inter-rater agreement was examined. LM rated 30% of the articles and GAB 
rated all the articles. Agreement percentage between the reviewers was 80%. Any 




consensus. Intra-rater agreement by GAB was 90%, when she re-rated, after 3 months 
from the initial rating date, a randomly selected 28% of the articles.  
2.6 Final Study Selection  
Given the large number of studies identified, eligible articles were further divided into 
studies that included primary objectives related to EF abilities in RHD versus studies that 
involved EF testing for background information only. Only studies with the primary 



















The results of the electronic database searches are seen in Figure 2, together with the 
screening and eligibility process. The database searches yielded 9953 articles; of those, a 
total of 160 articles met the eligibility criteria. Given the large number of studies 
identified and the aim of this systematic review, eligible articles were further divided into 
studies that included primary objectives related to EF abilities in RHD versus studies that 
involved EF testing for background information only. The main focus of the current 
review is the 71 articles that directly pertained to EF deficits and/or assessment in RHD. 
The primary reasons for excluding studies were: (1) studies did not include a 
standardized EF measure but rather an experimental task; (2) EF testing data for RHD 
participants were not separated from those of other participants with acquired brain 
injuries or acquired disorders such as aphasia; (3) study participants presented with 
progressive etiologies (e.g., vascular dementia or mixed dementia); (4) study participants’ 
brain injury was not specific to the right hemisphere of the brain; and, (5) study 
participants did not have an acquired brain injury. In the remainder of this section, we 


















































































3.1 Question 1: What types of EF deficits are reported within the 
RHD literature?  
Review of the publications (71 studies) indicated that the most commonly evaluated EF 
abilities were: (a) working memory (30 studies), (b) verbal fluency (22 studies), and (c) 
awareness of hemiplegia/hemiparesis (24 studies), as seen in Table 3. Other EF abilities 
that were examined were mental flexibility, inhibition, abstract thinking, reasoning, and 
problem solving. Some of the studies examined one or more of the EF abilities listed. 
Certain EF abilities (e.g., multitasking, inference and theory of mind) were nominally 
examined. Nonetheless, there was substantial variation in the EF measures used across 
studies. There were no consistent deficits across the RHD participants. Not all RHD 
participants displayed EF deficits across the articles, as it varied from one study to the 
other.  
Table 3: Common EF Abilities and Assessments 














Scale – Revised 
(WMS-R) 
Wechsler (1987) 4 2 
 
 
 Wechsler Adult 
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Total  27 5 32 
Verbal Fluency  Letter Fluency 
(FAS) 
Carlesimo et al. 
(1996) 
Spreen and Strauss 
(1991) 
Benton (1968) 
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Berti et al., (1996)  7   
 
Awareness Interview Anderson &Tranel 
(1989) 




Hibbard (1980) 1   
 
AHP questionnaire  Feinberg et al. 
(2000) 
6   
 
Bisiach Interview Bisiach et al. 
(1986) 





3.2 Question 2: What standardized tests have been used to assess 
EF abilities in adults with RHD? 
Overall, 125 EF assessments were utilized across the 71 studies (see Table 4); this 
number includes the different versions of the assessments (e.g., different authors and 
publication dates for verbal fluency). The majority of the studies used three EF tests, 
although some studies only utilized only one test seen in Table 5, despite the 
multidimensionality of the EF domain (Murray & Clark 2015). The average number of 
EF abilities assessed across studies was also 3. Only one study (Lazar et al., 2007) 
utilized 12 assessments; however, citations for each of these assessments were not 
provided to indicate the author(s) and version of the assessment used.  The various EF 
assessments used per study can be seen in Table 4. The most commonly used 
standardized tests were the Bisiack interview (12 studies), letter fluency (11 studies), 





Bisiach et al. 
(1983) 













Della et al. (2009) 3   
  





Table 4: EF Assessments Used in the 71 Included Studies 
Name of Assessment Subtests used (if 
applicable) 





in article  
Berti Awareness 
interview 
NA motor awareness 1996 NA Berti et al. 7 
 




NA Anosognosia for 
hemiplegia 
1980 NA Hibbard 1 
 
Hayling test NA Inhibition of verbal 
information, planning 
1997 NA Burgess & Shallice 4 
 
 
NA Inhibition of verbal 
information, planning 
1998 French version  Rouleau 2 
 
Proverb test = Delis–
Kaplan – executive 
functions system 





AHP questionnaire  NA anosognosia for 
hemiplegia 












NA anosognosia for motor 
impairment  
2009 NA Della Sala et al. 1 
 
Bisiach Interview NA anosognosia for 
hemiplegia 




Bisiach Interview NA Anosognosia for 
hemiplegia 




NA Anosognosia for 
hemiplegia 
2010 NA Vocat et al., 2010) 1 
 
Trail Making Test B NA inhibition, set shifting 
abilities 
1996 NA Giovagnoli et al. 1 2 
  






Trail Making Test B NA inhibition, set shifting 
abilities, mental 
flexibility  
1958 NA Reitan 2 1 
  
inhibition, set shifting 
abilities, mental 
flexibility  
1955 NA Reitan 2 
 
Trail Making Test B NA flexibility 1993 NA Reitan, Wolfson 2 
 
Trail Making Test B NA inhibition, set shifting 
abilities, mental 
flexibility  
2004 NA Tombaugh TN 1 
 
Trail Making Test B NA inhibition, set shifting 
abilities, mental 
flexibility  
1996 NA Giovagnoli et al. 1 
 
Trail Making Test B NA inhibition, set shifting 
abilities, mental 
flexibility , processing 
speed 





Trail Making Test B NA inhibition, set shifting 
abilities, mental 
flexibility , processing 
speed 
1971 NA Reitan 1 
 
Stroop Test NA cognitive flexibility, 
inhibition of visual info 
1978 NA Golden 1 2 
Stroop Test NA cognitive flexibility, 
inhibition of visual info 




NA cognitive flexibility, 
inhibition of visual info 








Letter Fluency (FAS) FAS verbal fluency  1996 NA Carlesimo et al. 1 
 
Letter Fluency (FAS) FAS verbal fluency  1991 NA Spreen & Strauss 1 
 
Letter Fluency (FAS) FAS verbal fluency  1968 NA Benton  3 
 
Letter Fluency (FAS) FAS verbal fluency 1967 NA Borkowski et al.  1 
 





Verbal fluency Single 
letter 
NA verbal fluency  1986 NA Novelli et al.  1 
 
Controlled Oral Word 
Association - FAS 






animal verbal fluency  1999 NA Tombaugh et al. 1 2 
 
animal verbal fluency  1968 NA Benton 2 
 
Verbal fluency  Semantic and 
phonetic 




category fluency trial NA verbal fluency 1999 NA Gladsjo, Miller, & 
Heaton 
1   
category fluency test NA verbal fluency 1969 NA Battig & Montague 1 
 
Fluency NA verbal fluency  1977 NA Spreen & Benton 2 
 
Fluency CFL/Animal verbal and non verbal 
fluency 
NA NA NA 
 
1 







mental flexibility  Assal 
Phonological Verbal 
Fluency  

















working memory working memory 1987 revised Wechsler 1 2 
 
digit span backward working memory 1987 revised Wechsler  3 
 
WMS-III NA Working memory NA NA NA 
 
1 
WAIS-R similarities reasoning, and abstract 
thinking 




picture arrangement  ordering and sequencing 
(planning) 











WAIS-III = Wechsler 
Adult Intelligence 
Scale, third edition 
digit span 
(backwards) 
working memory 1981 
1987 




WAIS-III = Wechsler 
Adult Intelligence 
Scale, third edition 
digit span 
(backwards) 
working memory 1998 third Wechsler 1 
 
WAIS-III = Wechsler 
Adult Intelligence 
Scale, third edition 
digit span 
(backwards) 
working memory 1997 third Wechsler 1 
 
WAIS-III = Wechsler 
Adult Intelligence 
Scale, third edition 
similarities reasoning, and abstract 
thinking 
NA third NA 
 
1 
WAIS-III = Wechsler 
Adult Intelligence 
Scale, third edition 
similarities reasoning, and abstract 
thinking 
1998 third Wechsler 2 
 
WAIS-III = Wechsler 
Adult Intelligence 
Scale, third edition 
similarities reasoning, and abstract 
thinking 
2005 third; Italian 
version 





WAIS-III = Wechsler 
Adult Intelligence 
Scale, third edition 
similarities reasoning, and abstract 
thinking 




WAIS-III = Wechsler 
Adult Intelligence 
Scale, third edition 




revised Wechsler 1 
 
WAIS-III = Wechsler 
Adult Intelligence 
Scale, third edition 
picture arrangement  ordering and sequencing NA third NA 
 
1 
WAIS-III = Wechsler 
Adult Intelligence 
Scale, third edition 
working memory working memory  NA third NA 
 
1 
WAIS-III = Wechsler 
Adult Intelligence 
Scale, third edition 
similarities reasoning, and abstract 
thinking 
1997 third; Italian 
version 
Wechsler  1 
 
WAIS-R similarities reasoning, and abstract 
thinking 
1995 revised Lezak 1 
 














WAIS Letter number 
sequencing 




The Brixton test NA spatial awareness, order 
and sequencing, mental 
flexibility 




















































planning and judgment 
1996 NA Wilson et al.  1 
 
Wisconsin 
Card Sorting Test 
(WCST) 
NA set shifting , planning, 
abstraction,  
1981 NA Heaton 3 2 
Wisconsin 
Card Sorting Test 
(WCST) 
NA set shifting, planning, 
abstraction 
1976 NA Nelson 3 
 
Wisconsin 
Card Sorting Test 
NA set shifting, planning, 
abstraction 







spand paradigm  






NA visuospatial short-term 
working memory  




NA visuospatial short-term 
working memory  

















abstract and verbal 
reasoning  




















Matrices  reasoning 





1958 NA Raven 1 
 
Raven Advanced 
Progressive Matrices  
 
abstract and verbal 
reasoning  








Ruff Figural Fluency 
Test 
NA cognitive flexibility, 
planning  
1988 NA Ruff 2 
 
Ruff Figural Fluency 
Test 
NA cognitive flexibility, 
planning  
1987 NA Ruff et al. 1 
 
Ruff Figural Fluency 
Test (RFFT) 
NA Cognitive flexibility, 
planning  







verbal fluency 1976, 
revised 
1978 
NA Benton & Hamsher  1 
 












verbal fluency  1994 NA Benton et al. 1 
 
Five Digits Test NA inhibition  2007 NA Sedó 1 
 
Go/No-Go Task NA inhibition  2004 NA Aron et al. 1 
 
Faux Pas NA theory of mind 1997 NA Baron-Cohen et al. 2 
 
Second order false 
believe task 




NA spatial working memory 1988 NA Sahakian et al. 1 
 
Rey Auditory Verbal 
Learning Test 
(RAVLT) 
NA verbal working memory  1964 NA Rey 1 1 















Working memory test NA visuospatial working 
memory, verbal working 
memory, and kinesthetic 
working memory  




NA Visuospatial working 
memory  
2015 NA Monaco et al. 1 
 
Frontal Assessment 






Go, and Prehension 
behaviour 
 inhibition, interference, 
reasoning and abstract 
thinking , motor planning 
2005 NA Appollonio et al. 1 
 
Frontal Assessment 
Battery  (FAB) 
Subtest 1-6 (total 
score) 
 mental flexibility, 
inhibition, interference , 
reasoning and abstract 
thinking , motor planning 






NA anosognosia for motor 
impairment  














2012 NA Humphreys et al. 1 
 
Awarenesss of Social 
Inference Test 
(TASIT)  
NA awareness inference 2002 NA McDonald et al. 2 
 
Burns Brief Inventory 
of Communication 
and Cognition 
NA working memory  1997 NA Burns  1   





Language subtests  















NA working memory  1994 NA Tompkins et al.  3 
 
The Cognitive 






executive function  2001 NA Helm-Estabrooks 1 
 
Test of Everyday 






auditory verbal working 
memory, cognitive 
flexibility, shifting 
1996 NA Robertson et al 1 
 
Test of Everyday 
Attention (TEA)  
Visual Elevator and 
Telephone Search 
with Counting 




1994 NA Robertson et al. 1 
 


























flunecy ,  
verbal fluency, verbal 
planning, inititation, 
inhibition 






oral word span in 
sentences 
working memory  2008, 
2009 






problem solving problem solving 2008, 
2009 








working memory  2008, 
2009 
NA Fonseca et al. 1 
 





Isaac’s Set Test of 
Verbal Fluency 
NA Verbal fluency 1973 NA Isaac & Kennie 1 
 
Category sorting task  NA mental flexibility , and 
reasoning 
1927 NA Weigl 1 
 





Table 5: Number of EF assessments used per article 
Number of EF 
Assessments utilized 
per study 








3.3 Question 3: What types of participant data are being collected 
to describe participants with RHD? (representation and 
description of participant data with RHD)  
3.3.1 Demographics 
Various demographic and clinical variables were collected (see Tables 6 and 7). Across 
studies, sample sizes varied from 1 participant (e.g., Venneri et al., 2004) to as high as 
346 RHD participants (e.g., Piccardi et al, 2016). Fifty-eight studies reported the 
education levels of the participants, while employment status was only reported in 8 of 
the 71 studies (see Figure 4). Only 54 studies reported on handedness, and 63 studies 
reported gender. Hearing screening was only reported in 9 of the studies, while vision 




Only 26 studies reported on native language; French as a native language was reported in 
2 studies, Hebrew in 2 of the studies, Dutch in 1 study, and Scottish English in 1 study. 
Although most measures used in these studies were originally standardized for English-
speaking participants, some assessments were adapted in the language of the participant. 
In one study (Spinnler & Tognoni, 1987), abstract and verbal reasoning was measured by 
a normative test translated into Italian. Five studies administered EF assessments in 
Italian. In one study (Fonseca et al., 2011), the Wisconsin Card Sorting Test was 
translated, adapted and standardized for use with the Brazilian population, while in 
another study (Macuglia et al., 2012), the Behavioural Assessment of Dysexecutive 








3.3.2 RHD Characteristics 
There was a lot of variation across studies in terms of the amount of information provided 
regarding brain damage, including location of lesion and the type of acquired brain 
injury. For example, Rogers et al. (1998) provided an in depth description of location of 
injury and the type of acquired brain injury, while Hibbard et al. (1992) only reported the 
lesion to be in the right hemisphere. Time post onset of brain damage varied from as low 
as a few days (e.g., Fotopouloua et al., 2009, Fowler et al., 2018; Vocat et al., 2010) to 6 




years (Bartels-Tobin & Hinckley, 2005). The most common type of acquired brain injury 
was stroke (haemorrhage or ischemic; 46 studies) and tumour (6 studies). The majority of 
the studies didn’t report or specify the number of lesions (e.g., Starowicz-Filip et al., 
2013; Tompkins et al., 2008; and Warrington et al., 1986); however, of the studies that 
did report this information, many only included participants who had experienced a first 
or single lesion (e.g., Zai-Ting & Chung-Fen Tsai, 2014; Zimmermann et al., 2011; Saj et 
al., 2014).  
3.3.3 Clinical Characteristics   
Only 36 of the studies reported on the language status of their RHD participants. Tests 
used to document communication status included the Boston Naming Test (4 studies; 
Kaplan et al., 2001), Controlled Oral Word Association Test (5 studies; Benton et al., 
2001), the Peabody Picture Vocabulary Test (4 studies; L. Dunn & Dunn, 2007), and the 
Discourse Comprehension Test (2 articles; Brookshire & Nicholas, 1993). A variety of 
aphasia batteries or their subtests were also used such as the Boston Diagnostic Aphasia 
Examination and the Multilingual Aphasia Examination (Token and Naming Task). 
Overall communication profile was looked at using Mini Inventory of Right Brain 
Injury—2 (MIRBI-2; Pimental & Knight, 2000), Communication Skills for Adults 
(ASHA FACS; Frattali et al., 1995), and Montreal Communication Evaluation Battery (2 
studies; Fonseca et al., 2009). 
Other cognitive-communication abilities that were looked at included attention (24 
studies; e.g., Bonato et al., 2010; Bonini et al., 2015; Hartman-Maeir et al., 2002). Motor 
speech impairments were only looked at in 8 studies, with dysarthria examined in 4 
studies (e.g., Fotopouloua et al., 2009; Gasparini et al., 2008) and apraxia of speech 
examined in 4 studies (e.g., Marin et al., 2017; Canzano et al., 2014). Only 9 studies (e.g., 
Bickerton et al., 2015; De Nigris, et al., 202) reported on their participants’ visual 
perceptual symptoms, while no study reported on auditory perceptual symptoms (see 
Figure 5).  Hemiparesis and hemiplegia was reported in 38 of the studies (e.g., Harman-
Maeir et al., 2002; Kopp et al., 2013; and Mattioli et al, 2012), and neglect was reported 





















Antoniello et al. 
(2017) 36 0 0
NLI= NR, ( NR),  
22-93
LM= NR, (NR), 42-
90 NA NA NR, ( NR),  NR NA NA NR NA NA
Baillieux et al. (2010) 8 0
6 LBD
1 bila 3 
Vermis NR *, ( NR),  NR NA
NR*, ( NR),  
NR NR, (), NA
NR, ( NR),  
NR NR NA NR
Balaban et al. (2016) 25 14 NA 53, (11),  25-65 50, ( NR),  27-66 NA
NR*, ( NR),  8-
17 NR*, ( NR),  NR NA NR NR NA
Baldo et al. (1998) 6 12 6 NR *, ( NR),  NR 65.3, ( NR),  NR
NR*, ( NR),  
NR
NR*, ( NR),  
NR 14.5, ( NR),  NR
NR*, ( NR),  
NR NR NR NR
Barker (2017) 8 21 6 LH, 4 bil 62, (8.4),  47–73 64.2, (7.6),  49-79
LH (66.5, 
(12),  54–84)
11.4, (1.8),  
10–15
13.6, (2.8),  
10–19
13.8, (2.8),  
9–16) NR NR NR
Bartels-Tobin et al. 
(2005) 7 7 NA 62, (10.5),  NR 61.6, (10.1),  NR NA
13.8, (3.4),  
NR 13.9, (3.5),  NR NA NR NR NR
Beeman (1993) 8 8 NA 60.8, (NR),  50-80 70.1, ( NR),  59-79 NA
14.5, (1.85),  
NR 14.1, (2.85),  NR NA NR NR NA
Besharati et al. (2014) 16 15 NA
AHP 71.63, 
(16.18),  NR 
HP 64.75, (12.14), 
NR 
71.67, (6.98),  
60–90 NA
AHP 11.88, 
(1.81),  NR 
HP (12.63), 
1.92, NR NR, ( NR),  NR NA NR NR NA
Number of participants Mean Age (SD, Range) Mean Education in years (SD, Range) Employment
















Besharati et al. (2016)
30; 15 AHP, 15  
hemiplegicont
rol subjects 15 NA
AHP (f)-66.53, 
(13.67),  47-88
HP 67.13, (16.02), 
36-86 f 71.67, (6.98),  60-90 NA
NR; <7 years 
of education NR, ( NR),  NR NA NR NR NA
Bickerton et al. (2015) 181 NA 152-LHD




11.66, (2.83),  
NR NA
11.55, 
(2.79),  NR NR NA NR
Blake (2009) 14 14 0
67.6, (98.8),  54-
81 65.2, (7.2),  53-79 NA
14.07, (2.4),  
11-18
14.6, (2.7),  10-
19 NA NR NR NR
Blake et al. (2005) 8 18 0 69.4, (6.5),  57-76 72.4, (8.5),  55-89 NA
14.3, (2.9),  12-
20
13.9, (2.6),  10-
20 NA NR NR NA
Bonato et al. (2010) 4 3 1 LH stroke 59.5, (8.9),  50-71 63.7, (5.5),  60-70
42, ( NR),  
NR 9, (4.6),  5-13 NR, ( NR),  NR 8, ( NR),  NR NR NR NR
Bonini et al. (2015) 9 0











8.2, (4.5),  4-
17 NA
A 7, (3.8),  4-
15 NR NA NR
Canzano et al. (2014) 5 0
5 BFA
5 Left 
hemispher NR*, ( NR),  NR NA
NR*, ( NR),  
NR
NR*, ( NR),  
NR NA
NR*, ( NR),  
NR NR NR NR
Champagne et al. 
(2004) 10 10 0 63.3, (12.5),  NR 62.9, (  NR),  NR NA 10.8, (2),  NR 11.6, (1.6),  NR NA NR NR NA

















al. (2009) 15 15 0 60.9, (11.7), 38-79 60.7, (12.8),  NR NA
11.7, (3.1),  9-
14 11.7, (3.2),  NR NA NR NR NA









Contol pts 66, 
(14.06), 48-88 NA






19 NA NR NR NA
Cocchini et al. (2018) 43 65 30 L-hemi 62, (13.8),  29-84 44.4, (21),  17-82
 64.8, (12.4),  
40-85
9.2, (4.3),  4-
18 11.7, (4.7),  3-20
8.4, (4.4),  2-
17 NR NR NR
Dai et al. (2014)
60
20, 20, 20 0 0
A+N+  61.85, 
(13.68),  NR
A-N+ 62, (16.24), 
NR
A-N- 60.35, (9.6), NA NA, (), NR, ( NR),  NR NA NA NR NA NA
De Nigris et al. (2013)
13 total (6 
RHD pt with 
perceptual 
neglect 'N+' ; 7 
RHD with no 15 0
N+62.83, (13.17),  
NR





11.13, (3.27),  
NR NA NR NR NA
Fotopoulou et al.  
(2010) 14 23 0
AHP 64, (6.06),  
NR
HP 56.86, (18.52), 




(2.5), NR NR, ( NR),  NR NA NR NA NA
Fotopoulou et al. 
(2009) 1 0 0 67, (NA), NA NA NA 15, ( NR),  NR NA NA
Retired 
publisher NA NA
Fowler et al., (2018) 30 0 12 LBD
F=16, (NR),  NR
M 14, (NR), NR NA




73.07, (11.79),  
NR NA
70.25, 
(12.74),  NR NR NA NR
















Gandola et al. (2012)
37; 11 w SP
11 wout SP
15 wout N 0 0
 SP: 70, (8),  56-82
wout SP: 67, (14), 
36-82
wout N:: 64, (11), 
43-81 NA NA
w SP: 7, (4),  2-
16
wout SP: 6, 
(4), 0-13
wout N:: 9, NA NA NR NA NA
Gandola et al., (2014) 6 24 0 NR*, ( NR*),  NR NR, ( NR),  54-70 NA
NR*, ( NR*),  
NR* NR, ( NR),  NR NA NR NR NA
Gasparini et al., (2008) 1 10 0 76, ( NR),  NR NR, ( NR),  70-80 NA 13, ( NR),  NR NR, ( NR),  18-13 NA NR NR NA
Goel et al. (2004) 5 19
6 L
8 Bil 50, ( NR),  NR 47.47, ( NR),  NR




12.5, ( NR),  
NR 14.55, ( NR),  NR
16 L, ( NR),  
NR
12.7 Bil, 
(NR), NR NR NR NR
Goel et al. (2007) 9 22 9 left 54.38, (6.42),  NR 49, (7.33),  NR
48.5, 
(10.45),  NR
14.67, (2.68),  
NR
14.84, (2.35),  
NR
15, (2.14),  
NR NR NR NR
Griffin et al. (2006) 11 20 0 61, ( NR),  44-76 66, ( NR),  29-79 NA
14, ( NR),  12-
19 15, ( NR),  12-20 NA NR NR NA
Hamilton et al. (2017) 15 40 15 left 67.8, (14.14),  NR 66.63, (12.74),  NR
67.73, 
(9.99),  NR
11.73, (3.08),  
NR
12.13, (3.55),  
NR
10.87, 
(2.26),  NR NR NR NR
Hartman-Maeir et al. 
(2001) 29 0 17 left
56.14, (10.84),  
NR NA, (), 
60.18, 
(13.3),  NR
10.65, (2.69),  
NR NA
10, (2.7),  
NR NR NA NR
























10.5, (2.68),  
NR NA
10.08, (2.7),  
NR NR NA NR
Hibbard et al. (1992) 45 0 37 LBD 66.1, (11.4),  NR NA
68.1, (10.3),  
NR
12.2, (4.3),  
NR NA
11.9, (4.3),  
NR NR NA NR
Jenkinson et al. 
(2009)
AHP 8
non AHP 10 22 0
65.28, (10.22),  
NR 66.5, (7.02),  NR NA NR, ( NR),  NR NA NA NR NR NA
Kopp et al. (2013) 31 0 0
59.61, (10.31),  
NR NA NA
12.24, (2.26),  
NR NA NA NR NA NA
Kopp et al. (2015) 30 0 0 60.17, (9.7),  NR NA NA
12.17, (2.16),  
NR NA NA NR NA NA
Kortte et al. (2015) 35 0 0





11.57 , (3.05), 
NR NA NA NA NA NA
Lazar et al. (2007) 1 0 0 51, ( NA),  NA NA NA
University 







Lehman et al. (1998) 11 28 0 58.8, (9.2),  44-73 62.2, (7.6),  47-74 NA
12.3, (2.9),  8-
16
14.8, (2.3),  12-
20 NA NA NA NA
















Malouin et al. (2012) 19 32 18 LHB
61.5, (8.8),  48.1-
75 59, (10.6),  37.6-77.6
58.5, (7),  
47.2-72.1 NR, ( NR),  NR NR, ( NR),  NR
NR, ( NR),  
NR NR NR NR
Marcel et al. (2004) 42 24 22 LBD 71.3, (9),  NR NR, ( NR),  60-84
71.9, (8.5),  
NR NR, ( NR),  NR NR, (NR), NR
NR, ( NR),  
NR NR NR NR
Marin et al. (2017) 54 0 0 46, (14.29),  NR NA NA
12.5, (4.09),  
NR NA NA NR NA NA
Mattioli et al. (2012)
38 (3 groups- 
all RHD) 0 0
A: 69.92, (8.25),  
NR
B: 68.5, (6.38), NR




B: 5.16, (0.57), 
NR
C: 5.46, (1.12), NA NA NR NA NA
McDonald (2000) 18 20 0
59.6, (17.67),  25-
86 59.7, ( NR),  27-75 NA
11.1, (2.49),  8-
15 12.5, ( NR),  9-15 NA NR NR NA
Moro et al. (2016) 66 0 0
AHP 68, ( NR),  NR
AHP DSO 67, 
(NR), NR
HP 64, (NR), NR NA NA NR, ( NR),  NR NA NA NR NA NA
Murray (2017) 15 36 36 L)hemi
60.3, (17.6),  31-
87 63.7, (12.9),  30-82
60.3, (14.6),  
32-100
14.1, (1.8),  12-
16 14.6, (2.3),  8-19
14.6, (1.7),  
12-16 NR NR NR
Noll et al. (2016) 30 0 73 left 
53.6, (11.1),  25-
73 NA
51.3, (14.4),  
18-78
14.6, (2),  11-
19 NA
14.6, (2.6),  
7-20 NR NA NR
















Ossola et al. (1998) 1 0 0 80, ( NR),  NR NA NA 8, ( NR),  NR NA NA NR NA NA





controls 0 61, ( NR),  NR
reportedly matched 
to RHD participant, 
(), NA 5, ( NR),   NR
reportedly 




Piccardi et al. (2016) 346 272 0
W 65.64, (14.98),  
24-87
M 62.37, (13.79), 
20-88
W 63.57, (6.34),  55-
80




M 11.24 , 
4.22, 3-19 9.97, (3.9),  3-18 NA NR NR NA
Preston et al. (2010)
1
control 5 0 8
64, (NA), NA
C NR* 25, ( NR),  21-29 NA NR, ( NR),  NR NR, (NR), NR NA NR NR NA
Rainville et al. (2003) 1 0 0 32, ( NR),  NR NA NA 13, ( NR),  NR NA NA
salesperson 
in a shop NA NA






12 37.3, (2.3),  NR
F= 37.2, (2.4),  NR
P= 58.8, (1.8), NR
59.2, (1.8),  
NR NR, ( NR),  NR NR, ( NR),  NR
NR, ( NR),  
NR NR NR NR
Romano et al. (2014) 15 0 0 NR*, ( NR*),  NR* NA NA
NR*, ( NR*),  
NR* NA NA NR NA NA
Ruff et al. (1994) 2 0
3 left 
1 bifrontal NR *, ( NR),  NR NA
NR*, ( NR),  
NR
NR*, ( NR),  
NR NA


























Saj et al. (2014) 10 5 0
66.9, (11.71),  50-
80 72.4, (7.8),  NR NA NR, ( NR),  NR NR, ( NR),  NR NA NR NR NA
Scheffer et al. (2016)
F 13
EF 31 38 0
F 64, (NR), 61-
71.5
EF 60, (NR), 54-67
57, ( NR),  47.25-
63.50 NA
F 12, (6.11),  
NR
EF 9.06, 
(4.94), NR 9.61, (4.24),  NA NA NR NR NA
Shamay-Tsoory et al. 
(2005)
frontal 26








12.9, (2.1), NR 14.4, (3.4),  NR NA NR NR NA
Spalletta et al. (2007)
50; 
2 groups, 13 
+anpspgnosia 
(anos), 
37 - anos 0 0
An+ 68.5, (10.6),  
NR
An - 66.1, (14.4),  
NR NA NA
Anos + 7.1, 
(6.8),  NR
Anos - 9.9, 
(5.5), NR NA NA NR NA NA
Starowicz-Filip et al. 
(2013) 1 NA NA 41, ( NA),  NA NA NA
vocational 













Tompkins et al. 
(2004) 37 34 NA
61.8, (10.4),  45-
83 64.3, (10.1),  45-79 NA
12.5, (2.6),  8-
19
13.9, (1.6),  12-
18 NA NR NR NA
Tompkins et al. 
(2008) 22 38 NA
64.4, (10.3),  42-
79 60.4, (9.5),  45-84 NA
14.6, (3.2), 
44461
13.9, (2.2),  12-
20 NA NR NR NA




Notes:  NR= Not reported; NR*=Total not reported, reported individually for each participant; F= Female; M= Male; BI= Bilateral; AN+= With anosognosia; 
AN-= Without anosognosia; L/ LH= left hemisphere; AHP= anosognosia of hemiplegia; AH= Anosognosia ; A+N+= with anosognosia and neglect; A-N+= 
without anosognosia but with neglect; A-N-= neither anosognosia nor neglect; C= control group; w SP= with somatoparaphrenia; wout SP= without 













Tondowski et al. 
(2007) 2 (CH and AM) 5 NA
CH- 52, ( NA),  NA





AM worked NR NA
Van der Ham et al. 
(2012) 17 28 16 56.1, (14.7),  NR 58.3, (6.5),  NR 62.4, (11.2),  NR
reported as a 
mean 
education 
'level', ( from 
1-7), 
reported as a 
mean education 






from 1-7), NR NR NR
Venneri et al. (2004) 1 0 0 85, ( NA ),  NA NA NA NR, ( NA),  NA NA NA NR NA NA
Vocat et al. (2010) 58 0 0 NR*, ( NR*),  NR* NA NA NR, ( NR),  NR NA NA NR NA NA
Warrington et al. 
(1986) 281 NA 375 L)hemi
M 48.9, ( NR),  NR
F 48.9, (NR), NR NA
M 46.9, ( 
NR),  NR
F 48.5, (NR), 
NR NR, ( NR),  NR NA
NR, ( NR),  
NR NR NA NR
Yeh et al. (2014) 20 40 14 L)hemi
63.85, (11.56),  
NR 60.2, (11.87),  NR
57.79, 
(10.86),  NR
8.7, (4.68),  
NR 9.1, (3.53),  NR
9.64, (3.52),  
NR NR NR NR
Zimmermann et al. 
(2011) 7 0 7 TBI 
41.29, (6.5),  32-
49 NA
32, (11.76),  
18-55




14 NR NA NR


















Antoniello et al. 
(2017)
NLI  14:0
LM 18: 4 NA NA
NLI 6:8
LM 16:6 NA NA NR NA NA NR NA NA NR NA NA
Baillieux et al. (2010) 8:0 NA 10:0 1:7 NA 5:5 NR NA NR NR NA NR NR NA NR
Balaban et al. (2016) 24:1 NR NA 8: 17 NR NA Hebrew Hebrew NA NR NR NR NR NR NR 
Baldo et al. (1998) NR NR NR 2:4 5:7 3:3 NR NR NR NR NR NR NR NR NR
Barker (2017) 8:0 20:1
LHD 5:1; 
bilat 4:0 3:5 14:7
LHD 3:3; 
bilat 3:1 English English English NR NR NR NR NR NR 
Bartels-Tobin et al. 
(2005) 7:0 7:0 NA 5:2 5:2 NA English English NA y y NA y y NA
Beeman (1993) 8:1 NR NR NR* NR* NA NR NR NR NR NR NR NR NR NR
Besharati et al. (2014)  30:0 NR NA 16:14 6:9 NA NR NA NA NR NR NA NR NR NA
Native Language Hearing VisionHandedness (ration R:L) Gender (ration F:M)



















Besharati et al. (2016) 30:0 NR NA
AHP 9:6
HP 7:8 6:9 NA NR NR NA NR NR NA NR NR NA
Bickerton et al. (2015) NR NA NR 112:69 NA 71:81 NR NA NR NR NA NR NR NA NR




english NA Y Y NA Y Y NA




english NA y y NA y y NA
Bonato et al. (2010) NR NR NR 2:2 2:1 0:1 NR NR NR NR NR NR NR NR NR















Portuguese NR NA NR NR NA NR
Canzano et al. (2014) 5:0 NA 10:0 NR NA NR NR NA NR NR NA NR NR NA NR
Champagne et al. 
(2004) 10:0 10:0 NA NR NR NA French French NA NR NR NA NR NR NA




















al. (2009) 15:0 15:0 NA 9:6 8:7 NA French French NA NR NR NA NR NR NA








4:3 NA NR NR NA NR NR NA NR NR NA
Cocchini et al. (2018) NR 65:0 NR 17:26 42:23 16:14 NR NR NR NR NR NR NR NR NR
Dai et al. (2014) NR NA NA 27:33 NA NA NR NA NA NR NA NA NR NA NA
De Nigris et al. (2013) NR NR NA 2:11 NR NA NR NR NA NR NR NR NR NR NR 
Fotopoulou et al.  
(2010) NR NA NA NR 12:11 NA NR NR NA NR NR NA NR NR NA
Fotopoulou et al. 
(2009) 1:0 NA NA F NA NA NR NA NA NR NA NA NR NA NA
Fowler et al., (2018) NR NA NR 16:14 NA 7:5 NR NA NR NR NA NR NR NA NR



















Gandola et al. (2012) NR NA NA NR NA NA NR NA NA NR NA NA y NA NA
Gandola et al., (2014) 6:0 24:0 NA 1:5 12:12 NA NR NR NA NR NR NA NR NR NA
Gasparini et al., (2008) right NR NA Female 10:0 NA NR NR NA NR NR NA NR NR NA
Goel et al. (2004) NR NR NR RT RT RT NR NR NR NR NR NR NR NR NR
Goel et al. (2007) NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR
Griffin et al. (2006) 11:0 NR NA 5:6 13:7 NA
English 
exception of 
1 NR NA NR NR NA NR NR NA
Hamilton et al. (2017) 15:1 39:1 15:1 8:7 22:18 8:7 English Englsih English Y y y Y y y
Hartman-Maeir et al. 
(2001) 29:0 NA 17:0 NR NA NR NR NA NR NR NA NR NR NA NR




































16:44 Hebrew NA Hebrew NR NA NR NR NA NR
Hibbard et al. (1992)
not 
reproted NA NR 27:18 NA 17:20 NR NA NR NR NA NR NR NA NR
Jenkinson et al. 
(2009) right right NA 6:12 12:10 NA English English NA
not 
reproted NR NA Y Y NA





(0.92,0.26) NA NA 12:19 NA NA German NA NA NR NA NA NR NA NA




provided NA NA 13:17 NA NA NR NA NA NR NA NA NR NA NA
Kortte et al. (2015) NA NA NA 18:17 NA NA NA NA NA NR NA NA NR NA NA
Lazar et al. (2007) right NA NA Female NA NA NR NA NA NR NA NA NR NA NA
Lehman et al. (1998) 11:0 28:0 NA 0:11 17:11 NA English English NA y y NA NR NR NA



















Malouin et al. (2012) 19:0 NR NR 4:15 18:14 6:12 NR NR NR NR NR NR NR NR NR
Marcel et al. (2004) NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR
Marin et al. (2017) 98.81 ± 4.46%NA NA 20:34 NA NA Italian NA NA NR NA NA Y NA NA
Mattioli et al. (2012) NR NA NA 21:17 NA NA Italian NA NA NR NA NA NR NA NA
McDonald (2000) NR NR NA 7:11 7:13 NA NR NR NA NR NR NA NR NR NA




HP 6:22 NA NA NR NA NA NR NA NA NR NA NA
Murray (2017) NR NR NR 5:10 14:22 10:26 English English English Y Y Y Y Y Y
Noll et al. (2016) 25:25 NA 63:10 11:19 NA 32:41 NR NA NR NR NA NR NR NA NR



















Ossola et al. (1998) right NA NA Female NA NA NR NA NA NR NA NA NR NA NA
Piccardi et al. (2008) 1:0 NR NA 0:1 NR NA Italian NR NA NR NR NA NR NR NA
Piccardi et al. (2016) 346:0 272:0 NA 146:200 148:124 NA NR NR NR NR NR NA NR Y NA
Preston et al. (2010) right NA NA
male; 
C 1:3 7:1 NA NR NA NA NR NR NA NR Y NA
Rainville et al. (2003) 1:0 NA NA 1:0 NA NA NR NA NA NR NA NA NR NA NA
Rogers et al. (1998) NR NR NR 7:5
7:7
7:5 6:6 NR NR NR NR NR NR Y Y y
Romano et al. (2014) 15:0 NA NA 6:09 NA NA NR NA NA NR NA NA NR NA NA
Ruff et al. (1994) 2:0 NA 4:0 NR NA NR NR NA NR NR NA NR NR NA NR



















Saj et al. (2014) 10:0 5:0 NA 5:5 3:2 NA NR NR NA NR NR NA NR NR NA
Scheffer et al. (2016)
F 10:3
EF 28:3 34:04:00 NA
F 5:8
EF 14:17 29:09 NR NR NR NA Y Y NA Y Y NA
Shamay-Tsoory et al. 
(2005) NR NR NA
frontal 6:20
posterior 
5:8 3:10 NA NR NR NA NR NR NA y y y
Spalletta et al. (2007) 50:0 NA NA 30:20 NA NA Italian NA NA NR NA NA NR NA NA
Starowicz-Filip et al. 
(2013) 1:0 NA NA 0:1 NA NA NR NA NA NR NA NA NR NA NA
Summers (2002) 1:0 NA NA 0:1 NA NA NR NA NA NR NA NA NR NA NA
Tompkins et al. 






English NA y y NA NR NR NA
Tompkins et al. 






English NA Y Y NA NR NR NA



















Tondowski et al. 
(2007) 2:0 NR NA 1:1 NR NA NR NR NA NR NR NA NR NR NA
















score from - 7:10 16:12 4:12 Dutch Dutch Dutch NR NR NR NR NR NR
Venneri et al. (2004) 1:0 NA NA 1:0 NA NA
English 
(scottish) NA NA NR NA NA NR NA NA
Vocat et al. (2010) 58:0 NA NA NR* NA NA NR NA NA  NR NA NA NR NA NA
Warrington et al. 
(1986) 281:0 NA 375:0 96:185 NA 141:234 NR NA NR NR NA NR NR NA NR
Yeh et al. (2014) 20:0 40:0 14:0 11:9 18:22 6:8  NR  NR  NR NR NR NR NR NR NR
Zimmermann et al. 




Portuguese NR NA NR NR NA NR






Notes- NA: Not applicable, NR: Not reported
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3.4 Question 4: What are the quality ratings of these 
articles? 
Quality ratings of the studies were scored based on the categories low, moderate, or high 
(see Appendix A). Of the 71 studies, 58 were rated low, 13 were rated moderate, and zero 
studies rated high. The design category commonly received the highest rating across the 
studies, while the category of assessment variables commonly received the lowest ratings 
across the studies. Study quality ratings are reported in Table 8.  
Table 8: Study Quality Ratings 













H H L L M L 
Baillieux et 
al, (2010) 
M L M L M L 
Balaban et 
al., (2016) 
H M M M M M 
Baldo, et al., 
(1998) 
M H H M L L 
Barker 
(2017) 
M L M L M L 
Bartels-
Tobin et al., 
(2005) 
M H M M M M 
Beeman 
(1993) 
M L M L M L 
Besharati et 
al., (2014) 
H H M L M L 
Besharati et 
al., (2016) 
M H M L L L 
Bickerton et 
al., (2015) 
H H M M H M 
70 
 
Blake (2009) H H M M H M 
Blake et al., 
(2005) 
M H H L M L 
Bonato et a., 
(2010) 
M L M L M L 
Bonini et al., 
(2015) 
M H M M L L 
Canzano et 
al., (2014) 
M M H L L L 
Champagne 
et al., (2004) 
M M M L L L 
Champagne-
Lavau et al., 
(2009) 
H H H M H M 
Cocchini et 
al., (2010) 
H L M L L L 
Cocchini et 
al., (2018) 
H L H L L L 
Dai et al., 
(2014) 
H H M H M M 
De Nigris et 
al., (2013) 




M H M L M L 
Fotopoulou, 
A., et al. 
(2009). 
L L L L M L 
Fowler et al., 
(2018) 
H H M H M M 
Gandola et 
al., (2012) 
H L M L M L 
Gandola et 
al., (2014) 





L M M L H L 
Goel et al, 
(2004) 
M H M L L L 
Goel et al., 
(2007) 
M M L L L L 
Griffin et al., 
(2006) 
H H L L M L 
Hamilton et 
al., (2017) 
H H L L H L 
Hartman-
Maeir et al., 
(2001) 
H H L M L L 
Hartman-
Maeir et al., 
(2002) 
H H H M M M 
Hibbard et 
al., (1992) 
H H M M H M 
Jenkinson et 
al., (2009) 
M M M L M L 
Kopp et al., 
(2013) 
H L M L L L 
Kopp et al., 
(2015) 
H L M L M L 
Kortte et al., 
2015 
H L L M H L 
Lazar et al., 
2007 
L L M L L L 
Lehman et 
al., (1998) 
H L H L M L 
Malouin et 
al., (2012) 
H L L L M L 
Marcel et 
al., (2004) 
H L M L M L 
Marin et al., 
(2017) 





H H M L M L 
McDonald 
(2000) 
H H H L H L 
Moro et al., 
(2016) 
H L L L M L 
Murray 
(2017) 
H M H M H M 
Noll et al., 
(2016) 
H L H M H L 
Ossola et al., 
(1998) 
L L M L H L 
Piccardi et 
al., (2008) 
L M M L L L 
Piccardi et 
al., (2016) 
H M M M M M 
Preston et 
al., (2010) 
L H M L M L 
Rainville et 
al., (2003) 
L L M L L L 
Rogers et al, 
(1998) 
H L M L M L 
Romano et 
al., (2014) 
H L M M M L 
Ruff et al., 
(1994) 
M M L L M L 
Saj et al., 
(2014) 
M M M M M M 
Scheffer et 
al., (2016) 
H L M L H L 
Shamay-
Tsoory et al., 
(2005) 
H H L L H L 
Spalletta et 
al., (2007) 




Filip et al., 
(2013) 
L L M L M L 
Summers 
(2002) 
L L H L L L 
Tompkins et 
al., (2004) 
H H M H M M 
Tompkins et 
al., (2008) 
H H H L M L 
Tondowski 
et al., (2007) 
L L L M M L 
van der 
Ham et al., 
(2012) 
H M M L M L 
Venneri et 
al., (2004) 
L M M L M L 
Vocat et al., 
(2012) 
H L H L M L 
Warrington 
et al., (1986) 
H L M L H L 
Yeh et al., 
(2014) 
H H H L H L 
Zimmerman
n et al., 
(2011) 
M L M L M L 
Total # of 
articles ( 
rated high) 
40 27 15 3 15 0 




20 13 43 20 39 13 
Total # of 
articles ( 
rated low) 
11 31 13 48 17 58 




4  Discussion 
The purpose of this systematic review was to comprehensively search the RHD literature 
and examine the different EF abilities that have been investigated, the use of standardised 
tests of EF abilities in the population of adults with RHD, as well as critically appraising 
the quality of the articles identified. Although overall, a considerable number of 
standardised tests were used to characterize EF deficits in participants with RHD, there 
was only a limited number of EF assessments used per study; that is, few studies 
examined a breadth of EF abilities following RHD. There were substantial issues with 
respect to the quality of the studies that were identified, particularly with respect to the 
demographic and clinical data that were collected and reported across each study. In this 
section, a more detailed explanation of the findings and issues found with respect to the 
questions of the systematic review will be discussed. This will then be followed by a 
discussion of the clinical implications and recommendations that arise from the 
limitations identified in this literature.   
4.1 Question 1: What types of EF deficits are reported within the 
RHD literature? 
The three EF deficits that were most frequently evaluated and identified across the RHD 
literature were impairments in working memory (WM; 30 studies), verbal fluency (22 
studies) and awareness of hemiplegia/hemiparesis (24 studies). Referring back to 
Diamond’s (2016) EF model, many of the subcomponents of EF abilities (e.g., cognitive 
flexibility, planning, inference and theory of mind) have been infrequently examined in 
the RHD literature. This is problematic because a variety of EF abilities do not work 
independently of one another, but rely on each other. For example, to measure WM, 
inhibitory control should also be measured, since it is activated along with WM; that is, 
both should be evaluated to determine if the difficulties lie in one or both of the EF 
abilities. In theory, inhibitory control assessments should be used as commonly as WM 
assessments. If an article were to assess higher level EF abilities, such as reasoning, 
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problem solving and planning, other EF abilities that tap into these higher level EF 
abilities should also be assessed (i.e., WM, cognitive flexibility, and inhibitory control). 
Reasoning, problem solving, planning and inhibition were measured less frequently in the 
RHD literature. When they were measured, other subcomponents of EF that have an 
influence on these subcomponents were rarely measured as well. There was a substantial 
variety of EF deficits identified in the reviewed studies; however, certain abilities were 
infrequently examined (e.g., anosognosia for deficits other than hemiplegia/hemiparesis). 
Therefore, it remains unclear whether all aspects of EF are commonly compromised 
following RHD, or if only certain EF abilities are more vulnerable. 
One of the challenges found across this literature was ill-defined EF abilities. Many 
authors only stated a global definition of EF abilities, but didn’t specify which cognitive 
skills constitute EF abilities. As an example, McDonald (2000) used the definition of EF 
of Shallice and Burgess (1991), which states that it is a higher system of cognition that 
follows a goal-oriented structure to regulate and mediate all other cognitive activity. 
When there is an EF deficit, the habitual responses of the individual with RHD are 
inappropriate, particularly when facing new or unfamiliar tasks. A problem that arises 
from such a definition is the use of the term EF as one term or concept, referring to it as a 
singular trait, rather than multiple subcomponents under the umbrella term of EF 
(Diamond, 2016). This singular and limited definition of EF is problematic as McDonald 
(2000) didn’t specify which EF abilities were examined.  
Indeed, many articles only examined one EF ability or rather failed to specify which EF 
abilities were being tested by the assessment: Commonly the assessment was stated and 
noted that is assessed EF abilities, but there was no elaboration of which specific EF 
abilities were being tested. For example, in one article (McDonald, 2000) the WAIS-R 
Similarities subtest (Lezak, 1995) was administered; however, no further information was 
provided regarding what it specifically measures. Whereas the Similarities subtest is a 
measure for verbal reasoning and abstract thinking (Lezak, 1995), because reasoning and 
abstract thinking are part of higher level EF, WM and inhibitory control also have an 
influence and should also be evaluated (Diamond, 2016).  
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Zimmermann et al. (2011) conducted one of the few studies that looked at 10 EF abilities 
via 9 assessments. For example, Zimmermann et al. (2011) explained that the Wisconsin 
Card Sorting Test evaluated components of EF such as planning, abstraction, and 
cognitive flexibility, and the Hayling Test looked at verbal initiation and inhibition, and 
planning. Their results indicated that not all RHD participants had EF deficits, and RHD 
participants’ performance patterns varied across the tests. Venneri et al. (2004) conducted 
a case study of anosognosia; the individual participant’s results indicated severe 
anosognosia using the formal questionnaire for anosognosia (Feinber et al., 2000). The 
individual was also tested for reasoning abilities using the WAIS-III (Wechsler, 1997), 
and results indicated reasoning abilities were not impaired (Venneri et al., 2004). In 
another case study (Rainville et al., 2003), the participant performed poorly on the Trail 
Making Test-B (TMT-B; Reitan, 1971), which involves shifting abilities and inhibitory 
processing; the participant was also impaired on the Ruff Figural Fluency Test (Ruff et 
al., 1987) and verbal fluency tests (Isaac & Kennie, 1973).  However, Rainville et al. 
(2003) identified no deficit on the Stroop Test, which measures cognitive flexibility and 
inhibition. In contrast, McDonald (2000) found that RHD participants performed 
similarly to controls on the two EF tasks, the COWAT (Benton et al., 1994) and the 
WAIS-R Similarities subtest (Lezak, 1995). Therefore, across the 71 articles, it is evident 
that there isn’t a consist EF deficit across RHD participants: All RHD participants did not 
demonstrate all the deficits that were assessed.  
Given these challenges and limitations across the literature, this systematic review has 
highlighted a core issue: the need for a standardised definition of EF. There is a need to 
develop a more definition that specifies which cognitive abilities should be considered EF 
abilities, and consequently should be assessed to fully characterize EF subsequent to 
RHD. Additionally, within a given study, more EF abilities need to be assessed in the 
RHD group to gain a better understanding of which EF core or higher level abilities are 




4.2 Question 2: What standardized tests have been used to assess 
EF abilities in adults with RHD? 
4.2.1 How many EF tests are utilized per study? 
Although there were three aspects of EF (i.e., WM, verbal fluency, and awareness of 
hemiplegia/hemiparesis) commonly assessed throughout the RHD literature, there were 
numerous other EF abilities that were examined, and a wide variety of measurements 
used (Table 4). To evaluate WM, there were 32 different tests used, the most common 
ones being backwards digit span, and verbal and visual memory span from the WMS-R 
(Wechsler, 1987), and digit span from the WAIS-III (Wechsler, 1981, 1997, 1998). Other 
WM measures that were used were the WAIS letter number sequencing (Wechsler, 
1987), Corsi block-tapping test (Spinnler & Togninin, 1987; Corsi, 1972), immediate and 
delayed recall from the Rey Auditory Verbal Learning Test (Taylor 1959; Rey, 1964), 
and the Auditory Working Memory Test (Tompkins et al. 1994; Lehman & Tompkins, 
1998). Verbal fluency also was assessed via 32 various measures, with letter fluency 
(Borkowsky et al., 1967; Benton 1968; Spreen & Strauss, 1991; Carlesimo et al., 1996; 
Glasdsjo et al., 1999) being the most common one used. Awareness was evaluated via 33 
measures, the most common one being the Bisiach Interview (Bisiach et al., 1983, 1986). 
Overall, there were 125 EF assessments that were utilized across the 71 studies, 
indicating the multidimensionality of EF and the number of assessments that have been 
developed to examine EF abilities.  
 
Despite the tremendous amount of variability across the measurements, the average 
number of EF tests used across the articles was only 3, with a range of 1 to 12 tests 
(Table 5).  One study (Lazar, et al., 2007) utilized 12 tests, and only 8 studies utilized 6 
or more assessments. The low number of assessments used per study may reflect that one 
EF measure often taps into more than one EF ability. For examples the Brazillian Brief 
Neuropsycholigical Assessment Battery (Fonseca et al., 2009) uses oral word span in 
sentences, problem solving and ascendant ordering of digits to measure working memory 
and problem solving. The Frontal Assessment Battery (Appollonio et al., 2005; Dubais et 
al. 2000) measures mental flexibility, inhibition, interference, reasoning and abstract 
thinking, and motor planning. However, only a few articles used assessments that via 
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various subtests tapped into more than one EF abilities. Moreover, assessments that 
tapped into more than one EF skill were characterized in some articles as evaluating just 
one EF ability. For instance, Besharati et al. (2016) stated that they measured EF and 
reasoning abilities using the Cognitive Estimates Test (Shallice & Evans, 1978) and the 
Frontal Assessment Battery (FAB; Dubois et al., 2000) but didn’t specify the different EF 
skills being evaluated. Likewise, Gasparini et al. (2008) measured EF abilities using the 
TMT A, TMT B, and Stroop tests; these researchers simply categorized these as EF tests. 
Another issue in this study is that the TMT-A was categorized as an EF test, when it is 
actually considered an attention measure (Stebbins, 2007). Other studies (e.g., van Der 
ham et al., 2011; Champagne-Lavau & Joanette, 2009), similarly combined both the 
TMT A and B, and characterized the TMT as an EF measure.  This highlights the issue of 
not being able to identify EF abilities correctly and know which EF assessment to use to 
measure specific EF abilities.  
 
Verbal fluency is typically a short test in which the individual has to produce as many 
unique words as possible in the span of one minute (Lezak et al., 2012). Clinicians and 
researchers might opt to use this type of assessment because of its short administration 
time (Ettenhofer et al., 2006); for instance, clinicians often have a limited amount of time 
to assess their clients. Verbal fluency tasks tap into both verbal ability and executive 
control, and their validity to assess EF has been documented (Shao et al., 2014). The 
most common verbal fluency tests found across the literature were the letter fluency and 
category fluency tasks. Research has indicated that verbal fluency tasks measure various 
subcomponents of EF including WM (Henry & Crawford, 2004; Rende et al, 2002), 
inhibition (Hirshorn & Thopson-Schill, 2006), self-initiation, cognitive flexibility 
(Abwender et al., 2001), and self-monitoring (Murray & Clark, 2015). Different verbal 
fluency scores (e.g., clustering, types of errors) can offer information about the different 
EF abilities such as self-monitoring and inhibition of inappropriate responses, as well as 
the ability to retrieve information (Crawford et al., 1998). However, different verbal 
fluency scores were not always discussed when being used to assess individuals with 
RHD. Instead it was common in studies to give an overall verbal fluency score (i.e., total 
number of words generated), or was considered as a language measure (e.g., Gasparini et 
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al., 2008). Without using more detailed scoring, it is not clear which specific EF abilities 
(or even word-finding abilities) are measured by verbal fluency tasks.   
 
WM measures were also one of the top three measures used across the RHD literature. 
Many types of WM were looked at, including visuospatial, verbal, short-term, and 
kinesthetic working memory. The digit backwards subtest of the WMS-R and WAIS-III 
were the most common WM measures used across the literature (see Table 4). The 
WAIS-III is a widely used intelligence/cognitive ability test battery (Murray & Clark, 
2015). It is a well-established scale with higher reliability than the WMS-R (Franzen, 
2002). The WMS-R is also a widely used scale, measuring various memory functions in 
the adult population (Crawford et al., 1998). The most common WMS-R subtests used to 
measure WM in this systematic review was the digit span backward and visual working 
memory span. Similar to defining EF, there are multiple theoretical frameworks and 
models defining WM memory, with no consensus yet among researchers on a WM 
definition (Chai et al., 2018). However, it is agreed upon by many researchers that WM is 
multidimensional. In the current systematic review, forward digit span tasks were not 
included as an EF measure as they evaluate STM only; that is, only studies that provided 
data separately from the backward subtest were included in the review.  However, there is 
criticism about the WMS-R in terms of its reliability and validity (Elwood, 1991; 
Franzen, 2000), and its ability to discriminate between intact and brain-damaged 
individuals, even with its revisions (Prigatano, 1978). Given these concerns, it was 
surprising that there has been infrequent use of other WM tests such as N-back tasks, 
reading and listening span tests, and the Letter Number Sequencing subtest of the WAIS-
IV.  
 
Anosognosia is commonly found in individuals post stroke (Orfei et al., 2007), with 
prevalence of anosognosia in the stroke population ranging between 10% to 58%. 
Anosognosia is the impaired awareness of one’s own deficits and condition (Jehkonen, 
2006). There were multiple questionnaires used to identify anosognosia in the RHD 
studies included in the current systematic review. The Bisiach Interview (Bisiach et al., 
1986; 1983) was the most used, followed by the Berti Awareness Interview (Berti et al., 
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1996), and lastly, the Anosognosia for Hemiplegia Questionnaire by Feinberg and 
colleagues (2000). All three of these questionnaires can be administered in a very short 
manner, no doubt a reason for their widespread use across the RHD literature. Moreover, 
the RHD literature is saturated with studies about neglect, as it is perhaps the most 
commonly identified and researched cognitive deficit following RHD (Jehkonen et al., 
2006). Most of the RHD studies that looked at anosognosia, also looked at neglect. 
However, many of the articles that looked at anosognosia (e.g., Fowler et al., 2018; 
Gandola etl a., 2014; Hartman-Maeir et la., 2001) did not evaluate for the presence of 
other EF deficits, and also often only used one anosognosia for hemiplegia (AHP) 
measure. This is problematic because anosognosia has multidimensional characteristics, 
and anosognosia can negatively affect multiple factors such as activities of daily living, 
expectations of recovery and other sensorimotor, cognitive, behavior and interpersonal 
domains (Maki et al., 2013). There are different types of anosognosia (e.g., poor 
awareness of memory abilities; poor awareness of communication status), but there has 
only been a focus on hemiplegia awareness in the RHD literature, most likely because it’s 
easier to document compared to other types of anosognosia. Because the hemiplegia 
awareness tests are short in nature and do not tap into the multidimensionality of 
awareness of motor impairments, it is suggested that a wider diagnostic perspective of 
anosognosia in RHD is necessary. Other tools that can be used to assess awareness are 
questionnaires and rating scales given to the patient and their caregiver, and scores are 
compared between the two. For example, the BADS Dysexecutive Questionnaire, Brief-
A, Barkley Deficits in Executive Functioning Scale (BDEFS), and Self-Awareness of 
Deficits Interview (Bogod, 2003; Fleming 1996) can provide insight into multiple 
awareness areas, including appreciating the functional implications of one’s own deficits 
and the ability to set realistic goals.  
4.3 Question 3: What types of participant data are being collected 
to describe participants with RHD? (representation and 
description of participant data with RHD)  
a) Demographic variables (e.g., age, gender, education)? 
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b) Clinical variables (e.g., pre-injury disability, cause of injury, hemiparesis)? 
4.3.1 Demographics 
Age and Education  
Across the identified articles, 13 controlled for 2 confounding factors (age and 
education), and 27 controlled for more than 3 confounding factors. The remaining 31 
articles did not control for age and education, which is concerning because the most 
influential factors that can impact interpretation of tests results are age and education 
(MacKenzie, 2000; Roberts & Doucet, 2011; Salter et al., 2006). All studies reported the 
age of the participants, but 13 did not report the educational background of the RHD 
group.  
Researchers and clinicians alike must always make sure that the normative samples of the 
tests they are administering match the age and education background of their patients, in 
order for the results to accurately identify problematic test performances (MacKenzie, 
2000; Roberts & Doucet, 2011; Salter et al., 2006). Moreover, not only is education 
important, but identifying the premorbid literacy level of patients should also be ideally 
collected. Research indicates that individuals with a higher literacy proficiency tend to do 
better than their illiterate peers on various cognitive-linguistic tests that have reading 
and/or writing demands, and/or that tap into phonological awareness skills, such as 
auditory discrimination and comprehension (Tsegaye et al., 2011).  
Handedness 
Numerous studies have investigated the relationship between handedness and its link to 
brain lateralization and language (Vuoksimaa, 2009). Handedness is used as an indicator 
for dominance lateralization. Left lateralization is more commonly seen in right-handed 
individuals than it is seen in left-handed individuals.  
Across the included 71 studies, 12 articles didn’t report the handedness of their 
participants. One article reported the mean of handedness scores of the RHD group (van 
der Ham et al., 2012), one tested for handedness but the results were not reported in the 
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article (Gandola et al., 2012), one article expressed handedness as a mean score (Kopp et 
al., 2013), and one article provided specific handedness test scores for individual RHD 
participants (Kopp et al., 2015). Almost all participants across the articles were reported o 
be right handed, with only a few reported to be left handed. It is necessary to distinguish 
cerebral dominance and handedness in individuals with brain damage to be able to 
identify the linguistically dominant side of the brain, and to make inferences for impaired 
language, EF, and other cognitive deficits. For example, handedness may provide insight 
about visual spatial perception because this cognitive function is predominately 
controlled by the non-dominant hemisphere.  
Language and Ethnocultural Background 
The native language of participants is another important factor to document because it 
may affect the individual’s abilities to successfully understand and complete EF tasks that 
have significant language demands (Murray & Clark, 2015). Across the studies 
identified, 28 articles did not report participants’ native language. Some articles (e.g., 
Barker, 2017; Bartels-Tobin et al., 2005) specified that their participants’ native language 
was English in their inclusion criteria. Five articles (Gasparini et al., 2008; Piccardi et al., 
2016; Cocchini et al., 2018, 2010; De Nigris et al., 2012) reported adapting EF 
assessments into other languages to be suitable for their participants. Many articles failed 
to confirm participants’ abilities to fully comprehend the English language or specify if 
an adapted test was administered. Some articles like McDonald (2002) did not report the 
native language of participants, but did report that the EF test was administered in 
English; this is problematic because the reader is left to assume what language the 
participants use and their proficiency.  
The ethnocultural background of the participants is another important factor that can 
affect overall pragmatic and discourse abilities as well as performance on cognitive tests 
(Ellis, 2009). Not taking this factor into account can result in unreliable data and 
interpretations of test results. A variety of discourse and topic management skills vary 
based on the individual’s ethnocultural background (Murray & Clark, 2015). It is 
important to assure that the standardized assessment’s normative sample matches the 
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patient’s demographic background; if it does not, ideally the test should be culturally- 
adapted. None of the articles included in the systematic review reported the ethnocultural 
background of the RHD participants.  
Hearing and Vision Screening  
Only 9 articles reported screening for hearing and 11 studies reported administering a 
vision screening test. The rest of the articles did not describe the hearing or vision status 
of the study participants. Auditory and visual sensitivity deficits can have a negative 
effect on patients’ cognitive and communicative abilities (Murray & Clark, 2015). Older 
adults are at a higher risk of developing hearing and vision loss (Murray & Clark, 2015). 
Because the age range across the included articles varied from as low as 20 years old to 
as high as 93 years old, it is necessary for all participants to be screened for visual and 
auditory loss. Not only does older age affect hearing and vision, but also various 
aetiologies of brain damage like traumatic brain injuries and infections can cause hearing 
and vision problems (Fausti et al., 2009; Greenwald, 2012). For example, Fausti and 
colleagues (2009) reported that almost 60% of blast related TBI will result in a hearing 
loss from noise exposure or blast-related infections. Another common hearing problem 
after a TBI is tinnitus (Hoffer et al., 2010; Lew et al., 2006). Participants with brain 
damage might also present with premorbid visual conditions such as myopia, presbyopia, 
cataracts or macular generation (Greenwald, 2012). Of the 9 articles that screened for 
hearing, only 5 articles reported that passing a hearing screening was part of their study 
inclusion criteria, and only 4 articles provided specific information about the hearing 
screening (e.g., 35 dB at 500, 1000, and 2000 Hz; Lehman & Tompkins, 1998). Of the 
articles that screened for vision, 8 excluded participants that had uncorrected visual 
impairment and only participants with normal or corrected vision were included; 4 
studies only indicated that they tested for vision problems and thus it is unclear if 
participants with visual issues were included. 
It is common to witness visual perceptual problems (e.g., poor complex visual 
discrimination; visual scanning issues; colour perception problems) and auditory 
perceptual problems (e.g., auditory agnosia) amongst patients with RHD or bilateral brain 
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damage (Barton, 2011; Rosen & Viskontas, 2008).  However, only 9 article measured 
visual perceptual abilities (e.g., McDonald, 2000), and no articles tested for auditory 
perceptual abilities. Some of the tests of visual perceptual abilities that were used were 
the the Hooper Visual Organization Test, Benton Facial Recognition test, Judgment of 
Line orientation, and letter or star cancellation test.  
If a participant is unable to hear EF test instructions or stimuli accurately, or see the EF 
task at hand, this could negatively affect their ability to complete the task; that is, test 
performance may reflect sensory or perceptual issues as opposed to impaired EF abilities. 
Researchers must test patients for sensory and perceptual difficulties in order for these 
impairments to be identified and accommodated for prior to administering subsequent EF 
assessments. Not accounting for these sensory and perceptual problems may lead to 
misleading diagnoses of the impairments.  
4.3.2 RHD Clinical Characteristics  
Across articles, various RHD clinical characteristics were reported such as the time post 
onset of the brain injury, location of lesion, the type of acquired brain injury and the 
number of brain lesions. In general, the overall size of the brain lesion and a frontal lobe 
lesion location can have a negative impact on overall cognitive abilities regardless of 
etiology (Duering et al., 2011; Liman et al., 2011). Location of the lesion has also been 
linked to a faster or slower recovery rate of cognition; for example, recovering from 
neglect is seen to be more likely if the area affected was in the frontoparietal region, and 
less likely if broader cortical areas are affected (Hier et al., 2009). There was a wide 
variety of lesion locations reported across the RHD literature. One article provided the 
MRI images of the brain damage rather than specifying the areas in the RH that were 
damaged (Goel et al., 2004), while the rest of the articles either indicated the lobe of the 
brain that was affected or provided a detailed description of the areas that were affected. 
Twenty-two articles did not offer a detailed report of lesion location, but rather only 
reported that the RH of the brain was injured, and thus provided minimal information on 
the relationship between the specific lesion of the RH and its impact on EF abilities.  
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Language and motor speech abilities are affected by the site and amount of brain damage 
(Plowman et al., 2011). Language and motor speech abilities need to be assessed in 
individuals with RHD when examining EF, since various EF assessments (e.g., FAB, 
verbal fluency tests) rely heavily on motor speech and language abilities for their 
completion. Only 36 of the 71 studies looked at language, with single-word tests and 
subtests predominating (e.g., Boston Naming Test; Peabody Picture Vocabulary Test). In 
contrast, RHD individuals are known to acquire communicative difficulties more 
commonly at the pragmatic and discourse levels (Champagne-Lavau & Joanette, 2009). 
Motor speech impairments were only looked at in 8 studies: Dysarthria was identified in 
4 studies, while apraxia was looked at in 4 studies. Motoric speech impairments can have 
an affect on participants’ ability to respond on various EF assessments (e.g., verbal 
fluency tests) (Murray & Clark, 2015), and so should be routinely assessed prior to giving 
EF assessments. Lastly, attention deficits were only reported in 25 studies. Attention 
impairments must be assessed as they can play a significant role in subsequent 
assessment completions, and can contribute to other cognitive deficits and 
communicative problems (Ginstfeldt & Emanuelson, 2010). 
4.3.3 Other Clinical Characteristics    
The presence and severity of concomitant physical and mental health problems can have 
a great effect on an individual’s performance of cognitive tests (Murray & Clark, 2015). 
Communication symptoms, neglect and other attention symptoms, memory problems, 
hemiparesis/hemiplegia and visual and auditory symptoms/deficits were also extracted 
from the included studies.  
Brain-damaged individuals with a variety of concomitant conditions such as medical, 
physical or psychiatric complications are seen to be more at risk of having poor recovery 
and cognitive outcomes (Denti et al, 2008; Mailles et al., 2012). On the other hand, 
individuals with good premorbid physical health are more likely to have better overall 
cognitive, health and emotional wellbeing after the onset of their brain damage or disease 
(Bassey, 2000; Denti et al, 2008). Individuals with psychiatric disorders like depression, 
apathy or anxiety, or who have developed poor coping techniques have poorer health, 
cognitive, functional and rehabilitation outcomes, in contrast to individuals without 
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psychiatric disorders and who have better coping strategies (Anson & Ponsford, 2006). 
All the articles excluded individuals with previous psychiatric disorders or other mental 
and physical co-morbid conditions. Only 18 articles screened for depression and anxiety, 
while 2 articles excluded any participants who had severe depression.  Only a few articles 
looked at or mentioned comorbid conditions. As an example of one of the few articles 
that reported on comorbid psychiatric and medical conditions, Bickerton and colleagues 
(2015) assessed for anxiety, depression, apathy, activity of daily living, and praxis. Other 
conditions that were looked across the other articles were alexithymia, somatosensory 
deficits, and somatoparaphrenia (e.g., Spalletta, et al., 2007; Tondowski et al., 2007; and 
Gandola et al., 2014).  
Individuals with concomitant medical, physical or psychiatric problems are seen to have 
longer hospital stays, and have a slower recovery rate than individuals without such 
concomitant problems (Liman et al., 2011). Patients may present with psychiatric 
problems such as delusions, hallucinations, irritability, aggression, and difficulty 
controlling their emotions. It is common to see RHD patients with flat facial expressions 
and diminished prosody as a result of their brain damage, but these symptoms can also be 
an indication of psychiatric illnesses. That is, the symptoms of psychiatric illness may be 
attributed to a cognitive problem rather than a psychiatric problem (e.g., poor 
concentration/attention vs. depression). Psychiatric disorders and comorbid medical 
conditions need to be identified when assessing for EF deficits. For instance, being 
disinterested or agitated can alter EF test results (e.g., misattributed as disinhibition vs. 
agitation). It is necessary for researchers to screen for depression and other psychiatric 
disorders to properly administer the standardized assessments of EF and to properly 
diagnose EF deficits.  
 
4.4 Question 4: What are the quality ratings of these studies? 
From the 71 articles included in this systematic review, 13 articles scored moderate, and 
58 studies scored a low rating. Among the five categories on which the studies’ quality 
was rated, the Design category was rated the highest: 40 articles were rated high, while 
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20 were rated moderate and 11 were rated a low rating. After the Design category, 
Control for Confounding Factors was rated the next highest: 27 articles received a high 
rating, 13 articles received a moderate rating, and 31 articles received a low rating. 
Controlling for at least age and education in a study is necessary because as previously 
discussed, these factors can influence EF test results (MacKenzie, 2000; Roberts & 
Doucet, 2011; Salter et al., 2006). Moving forward it is essential that control groups be 
matched with the RHD group in terms of age and education and ideally other 
confounding factors (e.g., literacy) to accurately identify group differences without any 
external factors that can influence the results.  
 
For the EF Test Score Interpretation, the majority of 39 articles received a rating of 
moderate quality, with only 15 articles being rated high. Of concern was that 17 articles 
received a low quality rating, indicating that these articles included no reference standard 
nor an appropriate control group. Without stating the reference standard or including an 
appropriate comparison group, interpreting the EF test results of RHD participants 
becomes challenging to whether they have or do not have EF impairments.  
  
For the fourth category, RHD variables, 42 articles received a moderate score. The most 
commonly included RHD variable was neglect, followed by memory symptoms, and 
hemiparesis/hemiplegia. The Mini Mental State Exam (Folstein, Folstein, & McHugh, 
1975) was the most commonly used assessment for overall cognitive status. Attention 
and communication/language ability was infrequently looked at across RHD patients in 
the included studies. Many EF assessments have both attention and language demands 
(Saunders & Sumers, 2011), and therefore if these abilities are not assessed prior to 
administering EF assessments, it can be challenging to interpret the EF scores. 
 
The majority of articles were rated as having low quality for the final category of 
Assessment Variables. That is, most studies did not provide information on either who 
administered the EF assessments or where the EF assessment took place. Failure to 
provide information about the assessment makes it challenging to accurately replicate test 
procedures and compare results across studies. Ensuring that all participants were 
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assessed in a similar fashion, assures that the assessment environment isn’t contributing 
to group differences or to differences across studies.  
 
Guidelines should be put in place to make sure that specific RHD participant 
characteristics and study procedures are being reported. This would enable accurate 








This review strongly supports the need for further research into EF deficits subsequent to 
RHD. Within the current literature there are study quality issues, with an overwhelming 
amount of variability in the measurements being used and in the definition of the EF 
domain being adopted (or in some cases, not even specified). There were also 
inconsistencies in the types of demographic and clinical data reported for RHD 
participants: A limited RHD profile description confounds understanding how EF 
abilities are affected in specific individuals (e.g., which individuals are at greater risk for 
EF impairments).  
  
The commonly examined EF abilities within the included RHD studies were WM, verbal 
fluency and awareness of hemiplegia/hemiparesis. It remains difficult to make inferences 
about which EF abilities are compromised subsequent to RHD because not all abilities 
have been investigated systematically in this population group. Furthermore, a limited 
number of EF abilities were investigated per study, which limits the ability to give a 
comprehensive profile of EF deficits in individuals with RHD; this also limits the ability 
to determine the source of EF deficits in individuals with RHD since according to 
Diamond’s (2016) model of EF abilities, EF abilities are inter-related and can influence 
each other.  Demographical and clinical variables such as language and education that 
can impact an individual’s performance on EF assessments were not consistently 
reported, which limits the generalizability of the EF findings. It is important to describe 
fully the demographic and clinical profile of each participant with RHD given that across 
studies, EF abilities were not affected in all RHD participants. Lastly, the quality ratings 




5.1 Limitations of the Current Study 
We should acknowledge that there are several limitations with the current systematic 
review. First, this systematic review was limited to articles published in English. Data 
extractions of articles was only performed by one reviewer allowing room for human 
error (e.g., miscopied information extracted). Although inter- and intra-rater agreement 
were above 80% at every screening stage, with discussions of any disagreements of 
included or excluded articles, all articles were not screened by both screeners. Further 
confidence that all appropriate articles were included could be achieved if two screeners 
had been used for each screening stage. Likewise, for the quality ratings of the articles, 
inter- and intra-rater agreements were 80% with any disagreements being discussed. 
However, it should be noted that every article was not rated by both screeners.  
Furthermore, articles extractions from the databases were only up to March 2018, and 
therefore this systematic review does not consider more recently published articles.  
 
5.2 Future Directions 
Given the above concerns, the 71 articles selected for this review, although a large 
number, may not accurately and fully characterize EF knowledge and abilities subsequent 
to RHD. There are several recommendations for future research in this area. First, an 
important next step is to critique the psychometric properties of the EF assessments 
currently utilized in the RHD literature; areas to examine include identifying the 
appropriateness of the adapted EF assessments, and examining if information concerning 
the participants’ age, education, and ethnocultural background align with tests’ normative 
standards. Extracting assessments and data in regards to the articles that didn’t directly 
focus on EF abilities (i.e., the 99 RHD articles that assessed EF abilities for background 
information only) could be another future step to provide more extensive knowledge on 
EF deficits subsequent to RHD. Lastly, it is suggested that when designing future studies,  
there should be a comprehensive description and assessment of individuals with RHD, 
including essential demographic information (e.g., years of education, native language), 
various communication and cognitive domains that can affect on EF assessment scores 
(e.g., hearing and vision screening; assessing for language/communication deficits, motor 
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impairments), and data in regards to the brain injury (e.g., lesion location, type of 
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Appendix A: Quality Rating Tool 
Quality categories High Moderate Low 
Design Single-subject across participants 
Large group (>10 participants) 
 
Single subject 1 participant  
Small group (i.e., <10 
participants) 
Case study 
Control for confounding factors Adjustment for at least 3 
confounding factors (e.g., 
ethnocultural background; 
gender) including age and 
education  
Adjustment for at least age and 
education 
Adjustment for 1 or 0 
confounding factors 
RHD variables Specification of RHD severity 
and description of > 2 cognitive 
OR > 2 communication abilities; 
range of RHD profiles included 
Specification of RHD severity 
and description of < 2 cognitive, 
OR < 2 communication abilities; 
restricted range of profiles (e.g., 
only mild RHD) 
Specification of presence of RHD 




Assessment variables Specification of assessor 
qualifications and assessment 
conditions (e.g., same assessor 
across testings; tested in quiet 
room) sufficient to allow 
replication  
Specification of assessor/scorer 
qualifications or assessment 
conditions sufficient to allow 
replication 
No specification of assessment 
variables 
EF test score(s) interpretation Reference standard for the EF test 
score(s) specified (e.g., compared 
to appropriate control group; 
utilized appropriate standard 
scores) 
Reference standard for EF test 
score(s) specified 
No specification of reference 
standard or reference standard 
inappropriate for study participant 
sample  
**Study must score high in 4/5 categories for High (with no low rating); moderate cannot include any low rating  
**adapted from Murray et al. (2018) and based NIHR York University Guidelines and Criteria for Appraising Diagnostic Test 
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